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1.1. LIST OF ABBREVIATIONS 
 
 
 
 
5’D = 5’-deiodinase (e.g. activating enzyme of outer-ring deiodination producing T3) 
5D = 5-deiodinase (e.g. inactivating enzyme of inner-ring deiodination producing rT3) 
6-keto-PGF2α  = 6-keto-prostaglandin F2α 
AcAc = acetoacetic acid 
ACTH = adrenocorticotrop hormone 
AM = ante meridiem 
ANOVA = one-way analysis of variance 
APE = acute putrid (endo)metritis (syn. = toxic metritis) 
AST = aspartate aminotransferase 
BHB = βOH-butyrate 
BP = binding protein 
C20:4  = arachidonic acid 
C5a = complement 5a 
CFU = colony forming unit 
CL = corpus luteum 
CMT = California Mastitis Test 
CNS = coagulase-negative Staphylococci 
COX-2  = cyclooxygenase-2 
CRH = corticotrop releasing hormone 
d = day(s) 
DNA = dezoxy-ribonucleic acid 
E.coli = Escherichia coli 
GH = growth hormone (syn. somatotrop hormone, STH) 
GN = Gram-negative 
GP = Gram-positive 
H.-E.stain = haematoxilin-eozin stain 
h = hour(s) 
HE = human equivalent 
HPA = hypothalamic-pituitary axis 
IC = intracisternal 
IGFBP = IGF-I binding proteins 
IGF-I = insulin-like growth factor-I (syn. somatomedin C) 
IGF-II = insulin-like growth factor-II 
IL-1, IL-2, IL6 = interleukin-1, 2 and 6 
IM = intramuscular 
IMI = intramammary infection 
IU = international unit 
LH  = luteinizing hormone 
LPS = lipopolysaccharide 
LSCCM = low somatic cell count milk;  
LSD = least significant difference 
MIC = minimal inhibitory concentration 
min. = minute(s) 
mRNA = messenger ribo-nucleic acid 
NDP mastitis = mastitis caused by non detected pathogens 
NEB = negative energy balance 
NEFA = non-esterified fatty acids 
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P. zopfii = Prototheca zopfii 
P4 = progesterone 
PAS = periodic acid Schiff 
PGF2α  = prostaglandin F2α 
PGFM  = 15-keto-13,14-dihydro-prostaglandin F2α- 
PGI2  = prostaglandin I2 
PMN = polymorphonuclear neutrophilic granulocytes 
PRL  = prolactin 
Ps. aeruginosa = Pseudomonas aeruginosa 
rT3 = 3,3',5'-triiodothyronine (syn. = reverse-triiodothyronine) 
S. aureus = Staphylococcus aureus 
SCC = somatic cell count 
SDS-PAGE = sodium dodecyl sulfate -polyacrylamide gel electrophoresis 
Strep. = Streptococcus 
T3 = 3,3',5-triiodo-thyronine 
T4 = thyroxin 
TCh = total cholesterol 
TG = trigliceride 
TNFα = tumor necrosis factor-α (syn. = cachexin) 
TRH = thyreotrop releasing hormone 
TSH = thyrotropin 
TxA2  = thromboxane A2 
TxB2  = thromboxane B2
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2.1. SUMMARY 
 
In Chapter 1 metabolic and endocrine aspects of bovine mastitis in early weeks of lactation 
are discussed. After reviewing the endocrine and reproductive consequences of certain en-
dotoxin-mediated diseases, the results of the experimental studies are made known. 
Due to the rapid genetic improvement nowadays many of the high-yielding cows suffer from 
clinical consequences (hepatic lipidosis and/or ketosis) of decompensated negative energy 
balance (NEB) in the postpartum period. In the early weeks of lactation these two metabolic 
complications often coincide, and are accompanied frequently by a high incidence of infec-
tious diseases like acute (endo)metritis and mastitis, mostly due to a peri-parturient decrease 
in capacity of antimicrobial self-defense mechanisms. Up to now, however, we have not 
known yet whether the degree of this metabolic predisposition for mastitis is uniform regard-
less of the causative microbe. The pathogenesis of coliform mastitis is based on the host re-
sponse to endotoxin. During this process leukocytes release several inflammatory mediators 
(tumor necrosis factor, interleukines etc.). These mediators can cause both severe inflamma-
tory symptoms in the udder and disorders in the metabolic and endocrine functions of the 
cow. 
The possible metabolic and endocrine predisposition for clinical mastitis outbreak as well as 
the mastitis related metabolic and endocrine changes were studied in 4 trials on large scale 
dairy herds. 
The cows affected by mastitis in the puerperium had shown more elevated AcAc, BHB, 
NEFA and rT3, and lower IGF-I, T4 and T3 levels previously than those remained healthy dur-
ing the first 4 weeks after calving (Exp. 1, 2.). This tendency related to a more severe form of 
energy imbalance and derived mainly from parameters of mastitic cows infected with GP and 
GN environmental pathogens or affected by NDP mastitis. However, just after calving the 
data of those with S. aureus IMI were very close to their healthy herdmates. Significant pre-
dictive value was attributed only to the elevation of BHB, but not to any others of NEB re-
lated changes in circulating levels of hormones and metabolites. This predictive value was 
highly significant for GN microbes. Based on these findings we suppose that in the early 
weeks of lactation rather the hyperketonaemia than the NEB itself can predispose the cow for 
mastitis.  
Elevated BHB levels were detected in the first samples of cows with NDP+GN mastitis taken 
within some hours after the outbreak of clinical symptoms. The BHB dependent character of 
NDP+GN mastitis was obvious in the first four weeks after calving. During the sampling pe-
riod the BHB levels started to decrease and reached the physiological range within some 
hours. 
Contrary to this continuously decreasing tendency in BHB, in the first some hours of the 
course a temporary elevation of NEFA level was seen in cows with NDP+GN mastitis, but 
not in those with GP mastitis. The observed NEFA increase might be the catabolic conse-
quence of endotoxin induced endocrine changes. 
About 23 % of the cows in Exp. 2 showed < 40.00 nmol/l (e.g. lower than the mean - SD of 
symptomless, normoketonaemic cows; n=199) cortisol response to the ACTH challenge and 
were considered as temporary hypocorticoid. At the time of challenge all the cows were 
healthy, and neither the baseline level of cortisol, nor the degree of ACTH-induced cortisol 
response predisposed the cow for mastitis. However, if hypocorticoid cows were affected by 
GN or NDP mastitis in the first 14 days after calving, they showed more severe clinical symp-
toms and had higher risk for a fatal course, than their normocorticoid counterparts. 

The LPS-induced cortisol increase was also detected in the Exp. 1, 3 and 4 of the current 
trial. However, in our cases: in the 3 cows died in the earliest few days after calving in Exp. 3. 
no cortisol increase was detected at all. The cows in Exp. 4 showed significantly lower 
ACTH-induced cortisol response in the early puerperium, than in the later stages of lactation. 
The two cows died of E. coli and NDP mastitis could hardly response to the ACTH challenge. 
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The clinical outbreak of mastitis was diagnosed in both of them also in the early puerperium. 
In cows with NDP+GN mastitis in the early puerperal phase the ACTH challenged cortisol 
increment inversely related to the severity of clinical symptoms.  
These experiences have confirmed the regulatory role of physiological cortisol response in 
production and release of certain interleukins and TNFα in GN mastitis, emphasizing the 
clinical importance of temporary hypocorticism in postpartum dairy cows and the clinical 
importance of anti-inflammatory therapy in mastitic cows showing severe general symptoms 
of this disease. 
Simultaneously with the LPS-induced cortisol elevation also a slight, temporary progesterone 
(P4) increase was seen in cows with NDP+GN mastitis. This temporary P4 increment was de-
tectable only when no active corpus luteum was present on the ovary, and it was considered to 
be of adrenal origin as a side product of the LPS-forced cortisol synthesis. 
Studying the thyroid gland function significant decrease in plasma levels of both the T4 and T3 
(in Exp. 3), and diminished TRH-challenged T4 and T3 increase (in Exp. 4) were deteced, 
probably due to the cytokine loading must have been the most intensive in the severe forms of 
NDP+GN mastitis. These mastitis related changes were more obvious in more advanced 
stages of the course (in Exp. 3), were more pronounced in the early puerperium than in the 
late puerperium or during peak lactation (both in Exp. 3 and 4), and were extremely dramatic 
in the few cases died of mastitis soon after sampling. Contrary to the experiences in cows with 
NDP+GN mastitis, only mild or no mastitis-induced alterations were detected in animals af-
fected by GP mastitis. The cows with NDP+GN mastitis were characterized by significantly 
more elevated rT3 levels. These –supposedly endotoxin mediated – differences derived from 
the data of the most severe cases. This observation reveals that due to a mastitis related en-
dotoxin loading in cows not only the 5’D-dependent activation of T4 to T3 may be impaired 
but also the capacity of its 5D-katalyzed inactivating pathway to rT3 can be increased: this 
may be a significant contribution for the LPS-induced decrease of T4 in plasma. 
The low prepartum T4 levels in the cows which later exhibited GN mastitis may indicate ei-
ther that cows with low T4 status were more susceptible to infection by GN organisms or that 
the endotoxin-released products were already acting on the thyroid gland before clinical mas-
titis was evident. The immunosuppressive consequences of decompensated NEB (associated 
with low T4 status), rather than the low plasma levels of T4 and T3 by themselves were sup-
posed to predispose the cows for mastitis in Exp. 1 and 2. 
The insulin and IGF-I levels of our cows in Exp. 2 reflected the energy plus protein (but 
mainly energy) balance, and the low day 1-3 level of IGF-I in cows showing mastitis some 
days later confirm only the higher susceptibility of these individuals to intramammary infec-
tion caused by environmental pathogens in the early weeks of lactation. Significant independ-
ent associations of serum T4 with T3 and IGF-I levels during the puerperium were found in the 
Exp. 1 and 2. 

A temporary elevation in plasma insulin was usually observed also in the first 2-3 samples of 
our cases with NDP+GN mastitis in Exp. 3. In complete agreement with the findings of model 
studies the IGF-I level was still almost unaffected at the time of this insulin elevation, and 
started to decrease continuously thereafter. Similar changes in insulin and IGF-I were seen 
almost never in cows with GP mastitis. These results have confirmed that the endotoxin-
induced changes of both the GH-IGF-I axis and insulin participate in the shift of the metabo-
lism towards catabolic events also in ruminants including the postpartum dairy cows. 
Based on these results, we conclude that GN- (endotoxin-) mastitis related alterations in 
metabolic and endocrine systems may have practical importance in postpartum dairy cows. So 
it may be justified to exclude the mastitic cows (or at least of those with sever general symp-
toms) from trials studying the endocrine, metabolic and reproductive effects of certain feeding 
technologies and/or treatment procedures. 
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In Chapter 2 the drying off therapy of the bovine mastitis discussed. Antibiotic treatment at 
drying off aims at both eliminating the existing IMI and preventing new infections. During the 
dry period, elimination of the infection with antibiotics is more likely than during lactation as 
the drug is not milked out, and a higher and more uniform concentration of antibiotics is 
maintained in the udder. In addition, there are no economic losses due to discarding of milk 
containing antibiotic. Systemic dry cow therapy may have advantages: better distribution of 
the suitable drug in the udder tissue which may lead better cure of IMI. After reviewing the 
dry cow therapy, the results of the experimental study are made known.  

Systemic (intramuscular, IM) vs. local (intracisternal, IC) routes of spiramycin-based 
drying off therapy were compared for efficacy on 65 Staphylococcus aureus  infected udder 
quarters of 38 dairy cows.  Single-dose (30 000 IU/kg) IM treatment (single IM group) re-
sulted in a similarly low bacteriological recovery rate (14%) as seen in the untreated controls 
(18%).  IM treatment (30 000 IU/kg) on 4 consecutive days (4 IM group) resulted in signifi-
cantly higher quarter-based recovery rates than that in the single IM group. The bacteriologi-
cal recovery rates obtained in the intracisternal and 4 IM groups were quite similar but re-
mained below 50%. Based on these findings as well as on the high costs of repeated intramus-
cular treatment regime there is no reason to give extra preference to the systemic application 
of spiramycin at drying off in the practice.  
 
In Chapter 3 the bovine mastitis caused by P. zopfii alga is discussed. This form of mastitis 
have not been reported from Hungary previously. The reviewed disease attacks the high pro-
ducing, machine milked dairy cows. It occurs worldwide in tropical and temperate climatic 
areas, and mostly appears sporadically in a therapy-resistant form. However, in poorly man-
aged dairy herds it may be endemic, causing serious economic losses as a result of decreased 
milk quality and quantity and culling of infected animals.  
In the years 1998-99 223 in 32 large-scale dairy herds cases of bovine mastitis by Prototheca 

zopfii were identified by the author. In the following years algae were isolated from several 
cows in more than 50 dairy herds. The ratio of algal mastitis increased from 2 % to 4.5 % in 
years 1999 and 2001, respectively. All of these farms were in Hungary, at a continental type, 
temperate zone climate. Both the sporadic and epidemic forms of P. zopfii mastitis were ob-
served. Three of these dairy herds with a high incidence of algal mastitis were closely studied 
(farm survey). All the herds affected by the epidemic form had poor hygienic conditions and 
suffered from several managerial faults, but no specific predisposing factors could be identi-
fied. In most of the cases the type II variant of this pathogen was isolated. However, from 3 
cows type III variant of P. zopfii was also isolated. This variant has not been isolated previ-
ously from bovine mastitis cases. 
The cows had a higher chance of new infection in the early weeks of lactation and in the 
summer. The P. zopfii infection usually resulted in a chronic subclinical, or a mild clinical 
mastitis followed by a dramatic loss in milk production and permanent increase in somatic 
cell count. The histopathological findings could be characterized, as a progressive interstitial 
mastitis associated with alveolar atrophy. The self-recovery rate was very low. 
Prototheca zopfii is concluded as a common mastitis pathogen of the dairy cows in Hungary 
as well. 
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2.2. ÖSSZEFOGLALÁS 
 
Az értekezés elsı fejezetében a szerzı a tejtermelı teheneknek az ellés körüli idıszakban 

elıforduló tıgygyulladásaival, különösen a mastitisnek az anyagcserével és a hormonális 

rendszerrel összefüggı vonatkozásaival foglalkozik. A nemzetközi szakirodalom alapján át-
tekinti az endotoxin-mediálta betegségek kórélettanát és endokrín következményeit, majd 
beszámol az elvégzett kísérletekrıl. 
A nagy tejtermeléső teheneknél az ellést követı idıszakban gyakran alakul ki a negatív ener-
gia-egyensúly (negative energy balance, NEB) következményeként májelzsírosodás és/vagy 
ketózis. A laktáció elsı heteiben, e két metabolikus zavarral együtt gyakran jelentkeznek 
bizonyos fertızı betegségek, mint a heveny endometritis és a klinikai tıgygyulladás.Ezek 
kialakulásában többnyire a szervezet antimikrobiális védekezırendszerének ellés körüli, át-
meneti mőködési elégtelensége játsza a fı szerepet. 
Jelenleg nem ismert, hogy az említett metabolikus zavarok milyen mértékben hajlamosítják a 
tehenet a különbözı kórokozók által elıidézett tıgygyulladásra. A coliform baktériumok 
okozta mastitis kórfejlıdésének alapja a szervezetnek az endotoxinokra (lypopoliszacharid, 
LPS) adott válasza. Ekkor a fehérvérsejtekbıl különféle mediátorok szabadulnak fel (pl. tu-
mor necrosis faktor {TNFα}, interleukinek stb.), amelyek részt vesznek a mastitis kia-
lakításában, de metabolikus és a hormonális rendszert érintı hatásaik is lehetnek. 
A szerzı négy -nagyüzemi mérető tejtermelı tehenészetben végzett- kísérletben vizsgálta a 
klinikai mastitisre hajlamosító, valamint a tıgygyulladást kísérı anyagcsere és hormonális 
zavarokat. 
Az 1. és 2. kísérletben, a puerperium idıszakában, tıgygyulladásban megbetegedett tehenek-
nek, a betegség kialakulása elıtt győjtött vérplazma mintáiban magasabb acetecetsav (AcAc), 
β-OH-vajsav (BHB), nem észterifikált zsírsav (NEFA) és reverz-trijódtironin (rT3), valamint 
alacsonyabb inzulinszerő növekedési faktor (IGF-I), tiroxin (T4)és trijódtironin (T3)szintek 
voltak mérhetık, mint az egészséges istállótársak mintáiban. Ez a tendencia arányos volt a 
NEB súlyosságával, és elsısorban a Gram pozitív (GP) és Gram negatív (GN) környezeti 
kórokozók, valamint a nem detektált patogének (NDP) által okozott mastitises tehenek 
adataiból származott. A S. aureus mastitises tehenek az egészségesekhez hasonló metabolikus 
és hormonális paraméterekkel rendelkeztek. A tıgygyulladás kialakulásának esélyét szigni-
fikánsan (vizsgált paraméterek közül) a BHB szint jelezte elıre. Ez a mastitis hajlamosságot 
jelzı korreláció különösen magasnak bizonyult GN baktériumok esetében. Ezen eredmények 
alapján úgy tőnik, hogy a tehenek tıgygyulladással szembeni fogékonysága nem közvetlenül 
a negatív energia mérleg, hanem elsısorban a kialakuló hyperketonaemia következménye. 
A NDP és GN tıgygyulladás klinikai tüneteinek megjelenését követı néhány órán belül vett, 
elsı mintákban emelkedett BHB szintet mértünk. Ez a jelenség a laktáció elsı négy hetében 
volt megfigyelhetı. A mintavétel további részében a BHB szintje folyamatosan csökkent, és 
órákon belül elérte a fiziológiás értéket. A BHB szintjének folyamatos csökkenésével szem-
ben, a NEFA szintjében, a klinikai mastitis megjelenését követıen, egy átmeneti emelkedés 
volt mérhetı, ami valószínőleg, az endotoxin által kiváltott endokrín folyamatok katabolikus 

következménye. GP mastitisben megbetegedett tehenekben ez a változás nem volt észlelhetı. 
A 2. kísérletben az ACTH-stimulációt követıen a tehenek 23 %-a 40 00 nmol/l-nél alacsony-
abb kortizolszinttel válaszolt, és így megfelelt az ún. idıleges hypocorticismus ismérveinek. 
Az ACTH-stimuláció idıpontjában valamennyi állat egészséges volt, és sem a bazális kor-
tizolszint, sem az ACTH-stimulációra adott válasz mértéke nem volt szoros korrelációban a 
mastitis kialakulásával. Azonban, ha az ellést követı 14 napon belül egy ilyen hypocorticoid 
tehénnél GN vagy NDP mastitis lépett föl, a betegség klinikai tünetei szignifikánsan 
súlyosabbak voltak, és gyakoribb volt az elhullással járó végkifejlet, mint a normocorticoid 
istállótársak esetében. 
Az LPS-indukálta kortizolszint-emelkedést az 1., 3. és 4. kísérletben is detektálni lehetett. 
Azonban a 3. és 4. kísérletben, a korai puerperiumban –GN és NDP mastitis miatt- elhullott 
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teheneknél nem vagy alig volt észlelhetı a kortizolszint emelkedése, a betegség megjelenése 
után. A 4. kísérletben a korai puerperiumban az ACTH-stimulációra adott válasz szignifikán-
san alacsonyabb volt, mint a laktáció késıbbi szakaszaiban. Az ebben az idıszakban elıfor-
duló GN és NDP tıgygyulladás súlyossága fordított arányban volt az ACTH-stimulációra 
adott válaszkészséggel. 
A fent felsorolt eredmények megerısítik, hogy GN mastitisben a kortizolnak fontos élettani 

szabályozó szerepe van egyes interleukinek és a TNFα termelıdésében és felszabadulásában, 
egyben aláhúzzák az ellés utáni idıszakban megfigyelt átmeneti hypocorticismus és a gyul-

ladáscsökkentı terápia jelentıségét súlyos klinikai tünetekkel járó tıgygyulladásban. 
Az endotoxinok által indukált kortizolszint-növekedéssel egyidıben, átmeneti, kismértékő 
progeszteronszint- (P4-) emelkedés is megfigyelhetı volt GN és NDP mastitisben. Ezt az 
idıleges P4 emelkedést csak akkor lehetett észlelni, ha a petefészken nem volt aktív sárgatest. 
A mellékvesekéregben folyó intenzívebb kortizol-szintézis melléktermékének tekinthetı. 
A pajzsmirigy mőködését vizsgálva megállapítást nyert, hogy a súlyos GN mastitis során 
bekövetkezı intenzív citokin-felszabadulás eredményeképp, szignifikánsan alacsonyabb 

plazma T4 és T3 szint (3. kísérlet), valamint csökkent mértékő TRH-stimulációra adott T4 és T3 

válaszkészség (4. kísérlet) mérhetı. Ezek az elváltozások erıteljesebbé váltak a betegség 
elırehaladásával (3. kísérlet) és fokozottan érvényesültek a korai puerperiumban (3. és 4. 
kísérlet). Különösen drámai változások voltak mérhetık a néhány mastitisben elhullott állat 
esetében. GP tıgygyulladás esetében hasonló folyamatok nem vagy csak alig észlelhetı 
mértékben voltak megfigyelhetık. A GN és NDP mastitisben súlyosan megbetegedett te-
heneket szignifikánsan emelkedett rT3 szint jellemezte. Ez a megfigyelés nemcsak arra utal, 
hogy endotoxin hatására tehenekben lecsökken a T4 és a T3 5’-dejodináz függı aktiválása, 
hanem arra is, hogy fokozódik ezen hormonok 5-dejodináz által katalizált inaktiválása (rT3-
má) is: ez jelentıs tényezı lehet az LPS-indukálta plazma T4 szint csökkenésben. 
A késıbb GN mastitisben megbetegedett teheneknél az ellés elıtt alacsonyabb T4 szintet 
mértünk. Valószínőnek látszik, hogy ez is a dekompenzált negatív energia-egyensúly egyik 
következménye  (1. és 2. kísérlet). 
Az inzulin és IGF-I szintje a 2. kísérletben, tükrözte a tehén energia és fehérje egyensúlyát. A 
késıbb mastitisben megbetegı teheneknél az ellés utáni 1-3. napon észlelhetı, alacsonyabb 
IGF-I szint, megerısíti, hogy ezen állatok, a laktáció elsı heteiben fokozottan érzékenyek a 
környezeti kórokozók által elıidézett tıgyfertızésekre. Az 1. és 2. kísérletben szignifikáns 
korreláció volt a szérum T4 és T3 valamint IGF-I szintje között. 
GN és NDP mastitisben megbetegedett tehenekben az elsı 2-3 mintában rendszerint 
emelkedett plazma inzulinszint volt mérhetı (3. kísérlet). A modellkísérletek eredményeivel 
összhangban ebben az idıpontban az IGF-I szintje még nem változott, annak csökkenése csak 
késıbb kezdıdött. GP tıgygyulladás során hasonló változásokat sohasem lehetett észlelni. 
Ezek az eredmények megerısítik, hogy az endotoxin hatást követı katabolikus folyamatok 

megindításában mind a növekedési hormon-IGF-I tengely, mind pedig az inzulin részt vesz, 

ellés után lévı tejelı tehenekben is. 
Összegezve a felsorolt eredményeket megállapítható, hogy a GN (endotoxin) mastitishez 
kapcsolódó metabolikus és endokrin változásoknak ellés után lévı, tejtermelı tehenekben 
gyakorlati jelentıségük van. Ennek alapján javasolható, hogy a tıgygyulladásos teheneket (de 
legalább a súlyos tüneteket mutató állatokat) ki kell zárni az olyan kísérletekbıl, amelyek 
egyes takarmányozási és gyógykezelési technológiák metabolikus, endokrinológiai és 
szaporodásbiológiai hatását vizsgálják. 
 
A második fejezetben a szerzı áttekinti a tejtermelı tehenek ún. szárazraállítási terápiájával 
kapcsolatos irodalmi adatokat, majd beszámol a spiramycinnel végzett terápiás kísérleteinek 
eredményérıl.  
Az elapasztáskor végzett antibiotikumos gyógykezelésnek a célja kettıs: kiterjed a a laktáció 
alatt fennálló tıgygyulladás gyógyítására és az elapasztás után várható fertızések 
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megelızésére. A szárazonállás alatt a fertızések eliminálására nagyobb esély kínálkozik, mint 
a laktációban, mivel a beadott gyógyszert nem fejik ki, és a lecsökkent tejtermelés miatt ma-
gasabb és egyenletesebb hatóanyag-koncentráció jöhet létre. A laktáció alatt végzett 
gyógykezelések után az élelmezésügyi várakozási idı leteltéig a tejet a közfogyasztástól el 
kell vonni. Ez a jelentıs gazdasági veszteség az elapasztáskor végzett gyógykezelést nem ter-
heli. A megszokott intracisternális tıgyinfúzókkal végzett terápiával szemben a szisztémás 
(intramusculáris, intravénás) gyógykezelésnek várható elınye, hogy a megfelelı hatóanyag 
jobban eloszlik a tıgyszövetben, és ez nagyobb arányú bakteriológiai gyógyulást ered-
ményezhet. 
A szerzı intramuscularisan (IM) és intracysternalisan (IC) alkalmazott, spiramycin alapú 

szárazraállítási terápia hatékonyságát hasonlította össze 38 tehén 65 S. aureus mastitises 
tıgynegyedében. Az egyszer alkalmazott IM kezelés (30 000 NE/ttkg) a kezeletlen kontroll-
hoz hasonló bakteriológiai gyógyulást eredményezett (14%<>18%). A 4 egymást követı 
napon ismételt IM terápia szignifikánsan jobb eredményt hozott (48%) (tıgynegyedenként 
végzett értékeléskor), hasonlóan az IC kezeléshez (40%). Ezek az adatok közel állnak a más 
gyógykezelési protokollal elért eredményekhez. A költség-hatékonyság számítás alapján a 
vizsgált gyógykezelési eljárások nem jelentenek áttörést a nehezen kezelhetı mastitisek elleni 
védekezésben. 
 
A harmadik fejezetben a szerzı áttekinti a Prototheca zopfii alga által okozott tıgygyulladás 
nemzetközi szakirodalmát, beszámol a betegség elsı hazai megállapításáról, és az ezzel 
kapcsolatos kutatási eredményekrıl.  
Az algás tıgygyulladás elsısorban a nagy tejtermeléső, fejıgéppel fejt szarvasmarhák be-
tegsége. Világszerte elıfordul, elsısorban trópusi-szubtrópusi éghajlat mellett, de a mérsékelt 
égövön is leírták. Általában sporadikusan jelentkezik, és terápia-rezisztens mastitisként kór-
jelzik, azonban nem megfelelı üzemi technológia/higiénia esetén halmozottan is elıfordulhat. 
Ilyen esetekben a jelentıs tejtermelés csökkenés, a tej magas szomatikus sejtszáma, és az in-
dokolt állatselejtezések révén komoly gazdasági veszteségeket okoz. 
A szerzı 1998-1999-ben 32 tehenészet 223 tıgygyulladásos tehenébıl mutatta ki a kórokozót. 
Az ezt követı években rendszeresen diagnosztizált P. zopfii mastitist, több mint 50 üzemben. 
1999-rıl 2001-re, 2%-ról 4,5%-ra emelkedett az algával fertızött tehenek aránya a szerzı 
által vizsgált tejmintákban. A betegség általában szórványosan, de közel 10 telepen, halmo-
zottan fordult elı. 3 ilyen üzemben további vizsgálatokat is végzett a kórkép állományon 
belüli elterjedtségének, kórtani és klinikai jellegzetességeinek, illetve a fertızés forrásának a 
tisztázására. Ezen farmok mindegyikén több, tıgygyulladásra hajlamosító technológiai hián-
yosságot talált, de specifikusan az algás tıgygyulladásért felelıs tényezıt nem sikerült azo-
nosítani. A legtöbb esetben a P. zopfii II. típusát tenyésztette ki a mastises tejmintákból, de 
három esetben a P. zopfii III. típusa bizonyult kórokozónak. Ezidáig ennek a típusnak a kór-
tani szerepérıl a nemzetközi szakirodalomban nem jelent meg leírás. 
Tapasztalatai szerint a termelés csökkenésével és a tej szomatikus sejtszámának (SCC) a 
hosszan tartó, jelentıs fokú emelkedésével járó elváltozás többnyire idült lefolyású, 
tünetszegény, vagy szubklinikai, kórszövettanilag progrediáló, a mirigyvégkamra sor-
vadásával járó, interstitalis mastitisként jellemezhetı. Az öngyógyulási hajlam nagyon 
gyenge, ezért a betegség elleni védekezés fontos eszköze a fertızött állatok selejtezése. 
A szerzı adatai alapján a P. zopfii által okozott tıgygyulladással napjainkban az ország egész 
területén számolni kell. 
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3.1. GENERAL INTRODUCTION 
 
Bovine mastitis can be defined as the response of the udder against various stimuli, particu-
larly invading microbes. Acute mastitis is characterized by the classical signs of inflamma-
tion, such as swelling, pain, tenderness of the udder, fever and loss of function. The cow often 
fails to clear up the infection: mastitis pathogen bacteria persist for months within the udder 
and are shed in the milk. Chronic inflammation results  in decreased milk production with 
increased milk somatic cell count. 
Bovine mastitis has a great impact on the economy of dairy industry. The disease causes de-
crease in milk production and in milk quality resulting in severe losses for both the producers 
and processors of milk. An additional loss is represented by the cost of antimicrobial therapy 
and the discarded milk contaminated with drugs. 
As a result of the changes of feeding, housing and milking systems and by the development of 
different mastitis control programs the epidemiology of this disease has dramatically changed. 
This process is  noticeable also in Hungary.  
Dairy farming has changed dramatically in the last century. In 19th century the average num-
ber of cows per farm was below five and the animals grazed in fields in the summer, and they 
were kept in small barns in winter on soil straw litter. The cows were fed mainly dry hay and 
milked by hand. The average annual milk production was about 2000 kg per cow. The preva-
lence of mastitis at that time is not known, but seemingly it was a minor problem that time. 
Since the beginning of the 20th century a concentration of farmed cows started in Europe and 
also in Hungary. This process was associated with more intense feeding and keeping which 
led to higher milk production but unfortunately it came with a higher risk of production dis-
eases including mastitis too. Several studies demonstrated that high-producing cows are at 
increased risk of infectious diseases (Destilleux et al., 1994; Gröhn et al., 1989 and 1994; Ol-
tanecu and Ekesbo, 1994; Uribe et al., 1995). 
The mastitis caused by Strep. agalactiae was the first case of mastitis resulting in high eco-
nomic losses in Hungarian dairy farms (Hetzel, 1929). 
After introducing antibiotics into the mastitis therapy (1945), most of the highly susceptible 
Strep. agalactiae strains had been replaced by bacteria such as S. aureus which are more resis-
tant to the antibiotic therapy in the udder. At present time Staph aureus is the most frequent 
contagious mastitis-pathogen germ in Hungary (unpublished data of the Central Veterinary 
Institute, Budapest). The milking machine is the main source of new animal to animal in-
tramammary infections by S. aureus. In addition, the improper machine milking is an impor-
tant factor to support bacteria to colonize teat ends and reduce the capacity of self defense 
mechanism of the udder (Pyörälä, 1995a) 
Despite of efforts of several researchers worldwide there is no antibiotic and treatment re-
gime, which is able to eliminate S. aureus from the udder and reliably cure the chronic udder 
inflammation (Sandholm, 1995b). 
In the past decade, the standard mastitis control program has suggested hygiene and manage-
ment practices to control intramammary infection (Neave et al., 1969). A decrease in bulk 
milk somatic cell counts (SCC) is an indicator of the success of the control programme. Al-
though farmers with low SCC herds were able to decrease the prevalence of mastitis with con-
tagious pathogens, these herds still show a high incidence of clinical mastitis by environ-
mental pathogens (Lam et al., 1997; Schukken et al., 1989). In several low SCC herds coli-
form bacteria (mainly E.coli) are major causes of clinical mastitis (Barkema et al., 1998; 
Schukken et al., 1989) 
Low somatic cell count in milk seems to predispose to coliform mastitis. Somatic cells are 
parts of the defense mechanism of the udder. The udder becomes more sensitive to coliforms 
as the SCC decreases (Sandholm and Pyörälä, 1995a). 
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An increased incidence of clinical mastitis caused by environmental pathogens was reported 
to be directly associated with impairment of cow defence mechanisms mostly in the early 
postpartum period (Kremer et al., 1993b; Van Werven et al., 1999). 
Transition from pregnancy to lactation involves considerable metabolic adaptations in all 
mammals  especially in cows selected for a high rate of milk production due to the sudden 
demand for large quantities of glucose in an animal with a ruminal digestive system. Rapid  
adaptation requires immediate changes in the rates of synthesis-secretion and degradation-
elimination of endocrine regulatory molecules which is reflected by characteristic changes in 
their circulating concentrations (Hoshino et al. 1991; Hydbring et al. 1999; Kunz and Blum 
1985; Pethes et al. 1985; Schams et al. 1991; Skaar et al. 1991; Vega et al. 1991). However, 
the ability of a cow to adapt successfully may be compromised during episodes of postpartu-
rient mastitis and other infections, particularly those caused by Gram-negative pathogens, 
which release lipopolysaccharide (LPS) from the outer cell wall membrane during the in-
flammatory process.  
The pathogenesis of coliform mastitis is based on the host response to endotoxin originated 
from the cell wall of bacteria. During this process several inflammatory mediators (tumor 
necrosis factor, interleukines etc.) release from leukocytes. These mediators can cause both 
severe inflammatory symptoms in the udder and disorders in the metabolic and endocrine 
functions of the cow (Kenison et al., 1991; Sandholm and Pyörälä, 1995a). 
The present Hungarian dairy herds are on different stages of this evolution of mastitis epide-
miology.  
In my Ph.D. work I studied some special aspects of bovine mastitis having practical impor-
tance in Hungarian dairy herds. 
 
3.2 AIMS OF THE STUDY WERE TO 
 
 
1. Evaluate whether the predisposition for clinical mastitis resulted from contagious or envi-

ronmental pathogens in the first some weeks of lactation is influenced by the immediate 
postpartum metabolic condition of the cow. 

2. Evaluate the known periparturient tendencies in plasma levels of certain metabolic hor-
mones influenced by mastitis in puerperium.  

3. Evaluate whether the endocrine alterations known from model studies can be recognized 
in pathogenesis of clinical mastitis also in the practice 

4. Evaluate whether the presence of temporary hypocorticism interferes with the course of 
this disease. 

5. Evaluate the efficacy of intramuscular vs. intracisternal spiramycin dry cow therapy 
against S. aureus mastitis. 

6. Evaluate the microbiology, pathology and epidemiology of the bovine mastitis caused by 
the alga Prototheca zopfii 
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4. CHAPTER 1 
 
 
 
 
 

METABOLIC AND ENDOCRINE ASPECTS OF BOVINE 
MASTITIS IN EARLY WEEKS OF LACTATION 
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4.1. ENDOCRINE AND REPRODUCTIVE CONSEQUENCES 
OF CERTAIN ENDOTOXIN - MEDIATED DISEASES IN 

FARM MAMMALS. A REVIEW 
 

4.1.1. PATHOLOGY OF ENDOTOXINS 
 
 The medical interest in endotoxins is as old as our century. The term endotoxin (syno-
nyms: O, or somatic antigen) refers to the part of the cell wall of Gram negative bacteria 
which is composed of polysaccharides, phospholipids as well as of small amounts of protein 
called together as lipopolysaccharides (LPS). The endotoxin molecule consists of 3 main sub-
units: (a) the O-polysaccharide, imparting serospecificity for Gram negative bacteria, (b) the 
lipid moiety, which is considered to be the toxic component of the cell wall, and (c) the R 
core, consisting of hexoses, hexamines and heptose, which act as bridges between the other 
two components (Fig 1) (Sandholm and Pyörälä, 1995a; Westphal, 1975).  
 
 

 
 
Fig 1.: The cell wall structure of Gram negative bacteria (after Sandholm and Pyörälä, 1995a) 
 
 Both of the laboratory and farm animals can be exposed to LPS from exogenous and 
endogenous sources: Endotoxins can be (a) exogenously injected with contaminated drugs or 
in experimental situation, (b) liberated in various disease (mastitis, laminitis, or septicaemia 
caused by Gram negative pathogens), and (c) absorbed from the postpartum uterus or − under 
certain circumstances − from the rumen and/or gastro-intestinal tract. Endotoxins are also 
present in the environment, stemming from the growth of Gram negative bacteria on plants 
and other sources of animal feed. Therefore, animals can be exposed to endotoxins not only 
from infection of Gram negative bacteria, but also − at least in pathological cases − by resorp-
tion from endotoxin contaminated fodder, and / or due to the Gram negative bacteria residing 
in the gastro-intestinal tract. In ruminants the rumen fluid contains large amounts of endotox-
ins which increase when animals are fed on concentrates instead of hay. Increased LPS ab-
sorption from forestomach has been demonstrated in complex disease syndromes such as ru-
minal acidosis, ruminal stasis and parturient paresis in the cow. In experimental models stan-
dard endotoxin producing (usually Escherichia coli) cultures, or LPS containing preparations 
may be administered by parenteral ways and also perorally (Holst and Kindahl, 1995; Jarlov 
et al., 1992; Yagoda et al., 1990). Of them the peroral / gastro-intestinal way of LPS loading 
seems to be the most problematic: Even if after peroral LPS administration slight to severe 
clinical symptoms and also biochemical consequences of endotoxicosis have been reported to 
occur in both of the monogastric animals (pig) and ruminants (goat) (Cort et al., 1990; Holst 
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and Kindahl, 1995), probably the portal vein endotoxemia (without bacteremia) of intestinal 
origin must be regarded as a physiological state. Endotoxins absorbed from the gastro-
intestinal tract must be passed to the liver where they may be removed, mainly by the Kupffer 
cells (Fox et al., 1990). Bile acids are known to have determinate importance in the detoxifi-
cation of endotoxins in the gastro-intestinal tract (Bertók,1983; Kocsár et al.,1960;). The 
clearance capacity of a normal liver has been shown to exceed the endotoxin amounts nor-
mally present in the portal blood in rats (Yamaguchi et al., 1982). The endotoxin load is 
known to increase in different gastro-intestinal disorders and thereby overload the hepatic 
detoxifying capacity, as in dogs with hemorrhagic enteritis (Wessels et al., 1987). Malnutri-
tion is another condition that may lead to endotoxemia of gastro-intestinal origin: it has been 
shown that protein malnutrition with LPS containing nutrients may destroy the intestinal mu-
cosal barrier (Deitch et al., 1987; Klein et al., 1988). In ruminants also the rumen can be the 
source of endotoxin-overload in certain cases (ruminal stasis induced by hypocalcaemia or 
certain drugs; ruminal acidosis) (Andersen et al., 1990, 1994b; Aiumlamai, 1991).The im-
pairment of the liver function due to cirrhosis, hepatitis or hepatic lipidosis, may also result 
the permeation of endotoxins of gastro-intestinal origin to the systemic circulation (Ravin et 
al., 1960). The clearance ability of the liver is therefore an important factor in the prevention 
of the spill-over of endotoxins which has been confirmed also in ruminants (Andersen et al., 
1996). 
 
Although there are limited data available in the literature, it is generally accepted that ab-
sorbed or experimentally administered endotoxins disappear rapidly from the circulation. 
Clinically healthy cows cleared endotoxin from the peripheral plasma within 30 min. (Ander-
sen et al., 1996) which may explain the limited success or failure of attempts to detect en-
dotoxin in bovine systemic blood in Gram negative mastitis or in ruminal disorders (Aium-
lamai, 1991; Andersen et al., 1994b; Katholm and Andersen, 1992). According to this phe-
nomenon indirect hematological and biochemical consequences rather than the direct deter-
mination of LPS are used to confirm the diagnosis of endotoxicosis even under experimental 
conditions (Aiumlamai, 1991; Lohuis, 1989; Sandholm and Pyörälä, 1995a). As an effect of 
the non-steroid antiinflammatory substances on liver metabolism, the plasma disappearance 
time of experimentally injected endotoxin was 2-3 times longer in cows pretreated with 
flunixin meglumine, and 6-12 times longer in cows pretreated with phenylbutazone than in 
their healthy counterparts (Andersen et al., 1996). Even more marked effect may be attributed 
to the spontaneously developed periparturient hepatic lipidosis: none of the 4 cows treated 
with 25 µg standard (Escherichia coli 055:B5) endotoxin were able to clear the injected LPS 
dose within a 360 min. long sampling period and one of them died before the end of the study. 
These results support the theory that cows suffering from hepatic lipidosis are more suscepti-

ble to endotoxins, originating from the gastro-intestinal tract or from organs (udder, uterus) 
infected with Gram negative bacteria, than healthy cows. The often stated failure of therapeu-
tic success in the cow suffering from fatty liver may be ascribed (at least partly) to these find-
ings, especially when drugs depending on liver metabolism are used (Andersen et al., 1996). 
The phenomenon may have clinical importance in dairy cows affected by Gram negative mas-
titis in the early postpartum period. 
 
The pathophysiological consequences of endotoxin exposure have an obvious dose-dependent 
character, being more severe if (a) the endotoxin neutralizing capacity of the organ (rumen: in 
case of acidosis; udder: in the colostral period) or of the whole organism (for instance when 
the bile acid secretion is impaired due to simultaneous liver damage) is depressed, or (b) the 
resorption of endotoxins has been shown to increase (ruminal stasis, postpartum uterus, masti-
tis or laminitis caused by Gram negative bacteria). Generally, as the dosage of endotoxins 
increases, the latency time decreases, the peak effect becomes more pronounced and the dura-
tion of the effect protracted. Furthermore, individual susceptibility, age, pregnancy, charge of 
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the endotoxin and the route of exposure / administration influence significantly the  degree of 
distress(Andersen et al., 1990, 1994a and 1994b; Cullor, 1992;  Giri et al., 1990; Jackson et 
al., 1990; Jarlov et al., 1992; Lohuis, 1989; Peter et al., 1987 and 1990; Sandholm and 
Pyörälä, 1995a; Smith, 1986).  
 
 Recently it has been known, that endotoxins appear to have little direct toxic effects. 
The most severe clinical, hematological and blood chemical changes are indirect conse-
quences, associated with a cascade of biological processes initiated by endotoxins (Dinarello, 
1983; Sandholm and Pyörälä, 1995a; Smith, 1986). In vitro or in vivo exposure of neutro-
phyls, phagocytic cells and platelets to endotoxin results in synthesis and release of increased 
amounts of many biologically active substances, i.e. various protein-like cytokines (α-tumor 
necrosis factor, TNFα, interferons, as well as several members of the interleukin family), bio-

genic amines (histamine, serotonine), oxygen radicals (nitric oxide, hydrogen peroxide, su-
peroxide) and − through the activation of the cyclooxygenase-2 (COX-2) and lipoxygenase 
enzyme systems − certain arachidonic acid (C20:4) derived lipid-like molecules such as 
prostanoids (prostaglandins including prostaglandin F2α, PGF2α and prostaglandin I2, PGI2, as  
well as thromboxanes including thromboxane A2, TxA2; Table 1) and leukotrienes. The ade-
quate release of these mediator substances is beneficial for the organism (moderate fever, 
generalized stimulation of the immune system, killing of microbes), their imbalanced over-
production, however, may lead to deleterious, harmful consequences (general depression, 
high fever, respiratory distress, disturbance in the motility pattern of the gastrointestinal − and 
urogenital − tract, extreme polymorphonuclear leucopenia followed by leucocytosis, altera-
tions in the carbohydrate, lipid and protein metabolism, redistribution of certain trace metals 
through the body, and in the most severe cases profuse diarrhea, low blood pressure, dissemi-
nated blood clotting and at the end lethal shock). Almost all of these harmful consequences 
may be induced by experimental parenteral (intravenous or intramammary) administration of 
endotoxins or TNFα alone (Hirvonen et al., 1999; Jarlov et al., 1992; Sandholm and Pyörälä, 
1995a; Smith, 1986).  
 
4.1.2. ENDOCRINE INTERACTIONS AND THEIR POSSIBLE REPRO-
DUCTIVE CONSEQUENCES IN ENDOTOXIN MEDIATED DISEASES 
 
 Both in vivo release and experimental / accidental administration of endotoxins are 
followed by characteristic endocrine events and − at least under certain conditions − by meta-
bolic and / or reproductive consequences.  
 
 The temporary activation of the COX-2 enzyme system and its consequences has been 
extensively studied. The temporary activation of the COX-2 by endotoxins may lead to in-
creased production of prostanoids including PGF2α, and its stabile metabolite (15-keto-13,14-
dihydro-PGF2α,, PGFM) which can cause luteolysis when PGF2α-sensitive corpus luteum 
(CL) is present on the ovary. This mechanism is capable of shortening of the estrous cycle 
with a premature return to estrus in non-pregnant ruminants and Equidae (but not in pig , due 
to the 13-day long PGF2α-insensibility of their developing CL after ovulation ). Clinical im-
portance can be attributed to this phenomenon first of all in postpartum dairy cows in which 
the activation of C20:4 cascade by endotoxins absorbed from the uterus and the subsequent 
increase in PGF2α  and PGFM levels (a) seem to inhibit the first ovulation and CL formation, 
and (b) may play a role in shortening the life-span of the first CL after calving. In endo-
metritic cows and mares the latter phenomenon may occur also later in the postpartum period 
(Battaglia et al., 1999, 2000; Cort et al., 1990; Gilbert et al., 1990; Harris et al., 2000; Kindahl 
et al., 1992 and 1996; Peter and Bosu, 1987 and 1988; Peter et al., 1990; Stabenfeldt and 
Edqvist, 1990). Of greater importance is, however, what happens to pregnant animals. It is 
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well known that abortion occurs commonly following Gram negative bacterial infections in 
many species (in mice, pigs, mares and also in ruminants). However, the primary mechanism 
by which Gram negative bacteria are capable of inducing abortion is not clearly understood in 
all cases. If complete luteolysis occurs due to the endotoxin induced COX-2 activation and 
subsequent PGF2α release, abortion will take place within 24-48 h. This abortifacient property 
of luteolysis can be completed by the oxytocin-like uterotonic character of PGF2α (Garcia-
Villar et al.; 1985). Abortion due to endotoxin induced PGF2α release has been reported to 
occur in goat during the entire pregnancy and in the sow at least until day 80 of gestation 
(Cort and Kindahl, 1986 and 1990; Fredriksson et al., 1985), e.g. in species in which the pro-
gesterone production of the primary CL is responsible for the maintenance of pregnancy dur-
ing the entire gestation (Stabenfeldt and Edqvist, 1990). In cows the endotoxin exposure is 
also followed by a marked, dose dependent increase in the plasma PGF2α level with a subse-
quent drop in progesterone concentration (Giri et al., 1990). In cattle, however, the pregnancy 
is maintained by progesterone secreted exclusively by the CL only in the early stage of gesta-
tion. Later, in more advanced gestation the progesterone from extraluteal sources (mainly 
from placenta, but perhaps also from adrenal cortex of the dam) has physiological importance 
in the maintenance of pregnancy (Stabenfeldt and Edqvist, 1990). Based on this phenomenon, 
although endotoxins may lead to abortion also in cows in all stages of gestation, this effect is 
more considerable in the first trimester than in the second or third trimester of pregnancy (Giri 
et al., 1990). Altough, the mare is sensitive to endotoxin induced abortion only up to about 
day 50-60, e.g. by the time (a) of achievement in function of secondary CLs continuously 
forming in the ovary for about 2 months after day 35-40 of gestation and (b) of the onset of 
placental gestagen production (Daels et al., 1987 and 1991b; Kindahl et al., 1991). It should 
also be pointed out in various species that sometimes endotoxins can result in only a tempo-
rary fall in progesterone production without causing abortion (Cort and Kindahl, 1986 and 
1990; Daels et al., 1987 and 1991b; Giri et al., 1990; Kindahl et al., 1991 and 1996). Other-
wise in addition to the luteolytic and uterotonic effects of PGF2α other C20:4 derivats such as 
TxA2, a potent platelet aggregator and vasoconstrictor as well as PGI2, a known vasodilatator 
causing hypotension may contribute to the pathophysiologial process resulting in abortion 
through their local effects directed to the feto-placental unit (Giri et al., 1990). In other cases 
the endotoxin exposition is known to cause bleeding and necrosis in placental tissues, and if 
this damage is excessive enough, secondary harm to the fetus will naturally result through 
non-endocrine way (Kindahl et al., 1996). The inhibition of COX-2 activity by flunixin me-
glumine (and also by other non-steroid antiinflammatory drugs) has been reported to counter-
act the PGF2α-mediated abortifacient effect of endotoxins in domestic mammals (Andersson 
et al., 1986; Cort and Kindahl, 1990; Daels et al., 1991a; Jarlov et al., 1992; Harris et al., 
2000). 
 
 There are less data available in the literature on other endotoxin influenced endocrine 
mechanisms. It is known, that endotoxins resorbed into the circulation and/or the endotoxin-
induced cytokines, mostly TNFα will provoke (a) the hypothalamic/adeno-hypophyseal CRH / 
ACTH and TRH / TSH and prolactin release with a subsequent increase in thyroid hormone 
and adrenocortical glucocorticoid (in most of the domestic mammals: cortisol) production, (b) 
as well as a some day long decrease in insulin-like growth factor (IGF)-1 and IGF-binding 
protein-2 level, (c) but only a short reduction in the growth hormone (GH) blood concentra-
tions (Briard et al., 2000; Bosu et al., 1995; Elenkov et al., 1992; Elsasser et al., 1995;  Jack-
son et al., 1990; Sandholm, 1995b; Shuster and Harmon, 1992; Sordillo and Peel, 1992; Yu et 
al., 1998).  
 
 In laboratory animals and cattle this kind of increased glucocorticoid release can be 
stimulated by experimental endotoxin or TNFα administration also directly and not only 
through the CRH / ACTH mediated pathway (Bosu et al., 1995; Elenkov et al., 1992), perhaps 
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due to the fact, that great pathophysological and clinical importance can be attributed to these 
hormones in the down-regulation of the local TNFα production on the site of the inflamma-
tory process. Under physiological conditions this feedback-like mechanism is thought to be 
responsible for the prevention of the harmful (sometimes life-threatening) overproduction of 
certain cytokines, mainly TNFα. After a single intravenous or intramammary administration 
of LPS, or in a simple case of Gram negative mastitis in cattle with normal adrenocortical 
responsiveness, this plasma cortisol level increase starts already a few minutes after the be-
ginning of the endoxin effect, it reaches a peak concentration after 3-4 hours and does not last 
longer (except for fatal cases) than 24 hours. By this time, however, the endotoxin stimulated 
cytokine increase including the plasma level of TNFα drops again to basal level (Elsasser et 
al., 1995; Hardie and Krouse-Elliot, 1990; Jackson et al., 1990; Lohuis, 1989; Sandholm, 
1995b; Shuster and Harmon, 1992; Sordillo and Peel, 1992). If a higher dose (2.5 µg/kg) of 
endotoxin was administered in a form of a 6 hour long intravenous infusion, elevated cortisol 
levels were detected for a longer (about 60 hours) period (Giri et al., 1990). The high cortisol 
level caused by endotoxins resorbed from the postpartum uterus has been reported to suppress 
the preovulatory LH surge and so it may be one of the factors resulting in delayed resumption 
of cyclicity and / or formation of anovulatory cysts in dairy cows affected by uterine compli-
cations some weeks after calving (Bosu and Peter, 1987; Peter et al., 1989). On the other hand 
the temporary hypocorticism is considered to be a quite frequent phenomenon in dairy cows 
in the first postpartum week, but actually there are only very few or no data are available in 
the literature on its effect on the course of endotoxin mediated diseases (Kolk, 1991; Thuroczi 
et al., 1996). 
 
 The endotoxin-induced TRH release has been reported to lead to a subsequent increase 
in thyroid hormone (thyroxine, T4) and prolactin (PRL) production in cows (Jackson et al., 
1990; Sandholm, 1995b). This change in T4 level may be important in the thermoregulation 
and also in the regulation of the metabolic consequences of endotoxin mediated diseases 
(Sandholm, 1995b). In cows an obvious increase in PRL production was only observed when 
endotoxin was injected intravenously and not intramammarily (Jackson et al., 1990), and its 
role is supposed in the immunmodulation but not in the milk production of the udder. In sows, 
however, the experimental endotoxin administration decreased both PRL level and milk pro-
duction in the first week after farrowing, but not later (Smith and Wagner, 1984 and 1985). In 
laboratory animals (rat) a high dose infusion of endotoxin was demonstrated to decrease both 
the peripheral level of thyroid hormons and the TSH-induced T4 responsiveness through a 
membrane damaging effect of LPS. In a recent study on cows, Kahl et al. (2000) reported 
decreased 5’-deiodinase acivity in the liver, which resulted in lower T3/T4 ratio and a de-
creased plasma concentrations of thyroid hormones. Pre-treatment with radiodetoxified en-
dotoxin was proved to be an effective method in prevention of this detrimental endocrine con-
sequence (Bertók, 1998; Bertók and U. Nagy, 1984; U. Nagy et al., 1983; U. Nagy and 
Bertók, 1990;). Similar observation, however, has not yet been reported in farm animals.  
 
 The endotoxin induced alterations in IGF-1, IGF-binding protein-2 and GH levels − 
and presumably also in glucocorticoid and T4 concentrations − may be responsible for the 
LPS related metabolic events shifting the metabolism from an anabolic to the catabolic state 
(Clemmonds and Underwood, 1992; Elsasser et al., 1994 and 1995; Kenison et al., 1991; 
Sandholm, 1995b; Sartin et al., 1998). Significant and prolonged decreases in plasma concen-
trations of IGF-1, which are highly correlated with the nitrogen status of animals, have been 
associated with the progression of disease stress (Elsasser et al., 1988 and 1989). In pregnant 
cows a 6 hour long intravenous endotoxin infusion at a dose of 1 or 2.5 µg/kg caused an ini-
tial hyperglycemia for 1-3 hours which was followed by a gradually developing hypoglyce-
mia persisting as long as 18 and 30 hours in the low and high dose groups, respectively. In the 
high dose group elevated lactic acid levels were also found for about 48 hours. Endotoxin 
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infusion at both doses caused a preferential mobilization of oleic acid from adipose tissue, and 
also had some effects on the mobilization of palmitic and stearic acids during the post-
infusion periods (Giri et al., 1990). Recombinant TNF treatments of dairy heifers induced a 
condition of hyperinsulinemia without hyperglycemia, indicating reduced insulin sensitivity 
(Kushibiki et al., 2000). In lambs a catabolic effect in protein metabolism was attributed to 
endotoxin induced TNFα increase which might be prevented with IGF-1 pretreatment (Doug-
las et al., 1991). Although no data have been found in the literature to support this idea, the 
above mechanisms may have clinical relevance in the pathogenesis of secondary ketosis in 
postpartum dairy cows. 
 
4.1.3. ENDOTOXIN-ASSOCIATED MASTITIS AS A POSSIBLE INFLU-
ENCING FACTOR OF REPRODUCTIVE PERFORMANCE IN DAIRY 
COWS DURING THE EARLY LACTATION 
 
 In well managed dairy herds producing bulk milk with low (< 150 000 - 250 000) so-
matic cell count (SCC) in the first 3-4 postpartum weeks significantly higher rate of cows 
have been reported to suffer from acute mastitis than later in the lactation. The predominant 
part of these cases were caused by opportunistic bacteria including endotoxin containing 
Gram negative strains (E. coli, sometimes Klebsiella ssp. and others) (Barkema et al., 1998.; 
Green et al., 1996; Hogan et al., 1989; Miltenburg et al., 1996; Schukken et al., 1989). The 
risk for early postpartum mastitis can be coupled with retained fetal membrane and subse-
quent putrid endometritis (Schukken et al., 1988). In spite of the known pathophysiological 
principles (Anderson et al., 1986; Giri et al., 1984; Katholm and Andersen, 1992; Sandholm, 
1995b; Sandholm and Pyörälä, 1995a) only a few data is available concerning the clinical and 
reproductive importance of the above-mentioned endocrine consequences of the endotoxin-
associated (toxic) mastitis under practical (farm) conditions. Moore et al. (1991) reported, that 
in a herd where E. coli was the predominant mastitis pathogen, the cows were almost two 
times more likely to have an altered inter-estrus interval followed by an episode of clinical 
mastitis compared to herdmates without clinical mastitis. A similar alteration in inter-estrus 
interval was not observed in a Staphylococcus aureus affected herd. However further studies 
are required to confirm the supposed effect of Gram negative mastitis on ovarian function in 
which relevant endocrine methods should be used to follow up these consequences. 
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4.2. OWN STUDIES:  
 

METABOLIC AND ENDOCRINE ASPECTS OF BOVINE 
MASTITIS IN EARLY WEEKS OF LACTATION 

 
4.2.1. INTRODUCTION 
 

Due to the rapid genetic improvement of nowadays many of the high-yielding cows suf-
fer from clinical consequences (hepatic lipidosis and/or ketosis) of decompensated negative 
energy balance (NEB) in the postpartum period. In the early weeks of lactation these two 
metabolic complications often coincide, and are accompanied frequently by a high incidence 
of infectious diseases like acute putrid (endo)metritis (APE; syn.: toxic metritis) and mastitis 
(Correa et al., 1993; Erb and Gröhn, 1998; Markusfeld, 1985; Oltanecu and Ekesbo, 1994; 
Schukken et al., 1988; Valde et al., 1997), mostly due to a peri-parturient decrease in capacity 
of antimicrobial self-defense mechanisms. Impairments in immunophenotypical and func-
tional properties of polymorphonuclear neutrophilic (PMN) granulocytes and monocytes in-
duced by elevated level of ketone bodies, and other related metabolic changes (Cai et al., 
1994; Klucinski et al., 1988a and 1988b; Kremer et al., 1993b; Sartorelli et al., 1999 and 
2000; Suriyasathaporn et. al., 1999 and 2000; Zerbe et al., 2000) seem to be the key process 
of this phenomenon. Up to now, however, we do not know yet whether the degree of this 
metabolic predisposition for mastitis is uniform regardless of the causative microbe, or in this 
respect there may be differences between cases caused by contagious (S. aureus) or Gram-
positive (GP) and Gram-negative (GN) environmental pathogens (e.g. in most of the cases 
Strep. uberis, Strep. dysgalactiae, other or fecal Streptococci, and E. coli, Klebsiella ssp., 
other Enterobacteriacae, Ps. aeruginosa, respectively) 

The intensive release of cytokines [tumor necrosis factor-α (TNFα) and certain members 
of the interleukin family (IL-1, IL-2, IL-6)], as well as of eicosanoids, nitrous oxide and other 
mediators are the known consequences of an extended inflammatory process including the 
severe clinical form of bovine mastitis (Sandholm, 1995b; Sandholm and Pyörälä, 1995a). 
This release of various mediators is obvious mainly in cases caused by GN pathogens yielding 
significant quantity of endotoxin (syn. lipopolysacharides, LPS) from the cell wall of these 
bacteria (mainly of E. coli). The LPS related elevation in plasma levels of cytokines can in-
crease the adrenocortical cortisol production, which is an important down-regulatory mecha-
nism, thought to be capable of preventing the overproduction of TNFα and some other in-
flammatory mediators (Elsasser et al. 1995; Jackson et al. 1990; Sandholm and Pyoräla 
1995a). The above normal cortisol response to a standard low-dose adrenocorticotrop hor-
mone (ACTH) challenge has been reported to occur sometimes in postpartum dairy cows 
(Kolk, 1991; Kolk et al., 1991; Kulcsár et al., 1996; Torres et al., 1997b). We do not know, 
however, whether this phenomenon may interfere with the course of mastitis. Cytokine re-
lated changes have also been recognized also in circulating levels of 3,3',5-triiodo-thyronine 
(T3), thyroxin (T4), insulin, insulin-like growth factor-I (IGF-I) and IGF-I binding proteins 
(IGFBP) (Sandholm and Pyörälä, 1995a). These LPS / cytokine induced endocrine changes 
were observed, however, mainly in highly standardized model studies employing experimen-
tal (intravenous, intramammary) endotoxin or TNFα  challenge, rather than in natural cases of 
mastitis in cows kept under commercial farm conditions.  

The aims of this trial were to study whether (1) the known periparturient tendencies in 
circulating levels of certain metabolic hormones are influenced by a mastitis outbreak, (2) the 
predisposition for clinical mastitis resulted from contagious vs. environmental pathogens in 
the first some weeks of lactation is influenced by the immediate postpartum metabolic condi-
tion of the cow, (3) the endocrine alterations known from model studies can be recognized in 
pathogenesis of clinical mastitis also in the practice, (4) as well as the presence of temporary 
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hypocorticism may interfere with the course of this disease. For this purpose four series of 
experiments were conducted on group-fed high-yielding dairy cows kept in large-scale dairy 
herds. 
 
4.2.2. MATERIALS AND METHODS 
 

4.2.2.1. Farm conditions 
 

The trial was carried out in 4 commercial large-scale dairy units (Exp. 1: in Herd A only; 
Exp. 2: in all the 4 herds; Exp. 3 and 4: in Herds A and D) with about 500 to 1850 Holstein-
Friesian cows and their crosses in each, producing about 7000 - 8300 kg fat corrected milk per 
cow. Each farm had its own mastitis control program (Herd A represented one of the top 
farms of Hungary), and was free of Strep. agalactiae. Moreover, all recognized cases of S. 

aureus mastitis were immediately separated, although they were  also culled soon only in 
Herd A. All 4 farms could produce low somatic cell count milk (LSCCM) for many years. In 
all the herds the cows were kept under free housing conditions in sheds connected with open 
air pens year round with no possibility for pasturing and individual feeding, in groups of 70 to 
100 animals formed in accordance with their stage of lactation and their monthly checked 
actual daily milk yield. In the sheds straw-bedded resting place were provided for the animals. 
Dry cows were housed separately and they calved in maternity units in groups of 3 - 4 ani-
mals. The calves were removed from their mothers when the dams left the unit at the end of 
the colostral period. Separated groups were formed for fresh milking heifers and cows. The 
cows were milked in milking houses three times (all the fresh milkers in the first about 60 
days, plus those producing >30 kg milk/day) or twice (yielding about <30 kg milk/day) a day 
in Herds A, C and D, but only twice in all the cases in Herd B. The milking parlors were fur-
nished with BouMatic (Herd A, B and C), or AlfaLaval (Herd D) type machinery. The hygi-
enic conditions were equal to the European standard. Their daily ration was made up from 
ensilaged maize and alfalfa products, alfalfa and grass hay and cereals completed with vita-
mins and minerals, in accordance with the NRC (1989) recommendations.  

In order to avoid the age-related interference only ≥2 parity cows were involved in the 
trial. The course of calving was normal in all of them. 
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4.2.2.2. Experimental animals. Design 
 

Exp. 1 (in Herd A only) 
Fifteen cows calving within a 3-week period in September - October 1999 were selected 

for this trial some days before their expected delivery. No clinical symptoms of any diseases 
had been observed in these cows during the previous 60-day dry period. Blood samples for 
endocrine and metabolite assays were taken from them at 8.00 h AM on days 4-5 and 2 pre-
partum and on days 1-2 and 3-5 postpartum, as well as at the onset of delivery on the day of 
parturition. The cows calved, and were kept separately in groups of 3-4 individuals in the ma-
ternity unit of the farm during the whole sampling procedure. If outbreak of mastitis was ob-
served simultaneously with calving or in the first 5 days postpartum, a standard procedure 
consisting of clinical examination, milk sampling for bacteriology and therapy was carried 
out. At the end the data of cows affected vs. not affected by various forms of mastitis were 
compared. (Fig. 2) 

 
Fig. 2. The design of the Exp. 1 
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Exp. 2 (in all of the four herds) 
All of cows which (1) were free from any clinical symptoms of chronic mastitis (in addi-

tion in Herds B and C: did not show positivity in any of their udder quarters with California 
Mastitis Test in the first 1-3 d postpartum), and (2) calved within the pre-selected periods of 
the study (Herd A and B: October - November, 1996; Herd C: May - June, 1997; Herd D: July 
- August, 1998 and 1999) were involved in the trial, unless they needed veterinary interven-
tion at calving, calved twins, and/or showed clinical symptoms of parturient paresis, hepatic 
injuries or mastitis before taking blood samples on d 1-3 after calving.  

During these pre-selected  study periods the farms were visited twice a week and all the 
cows (n = 335) calved 1 to 3 days before and met the above requirements were enrolled in the 
study. 60 to 90 min. after the morning milking (and before the morning feeding) a blood sam-
ple was taken from each of them for determination of certain hormones, metabolites and en-
zymes known to be related with the energy metabolism and liver function. Also the adreno-
corticotrop hormone (ACTH) challenged cortisol release and the thyreotrop-releasing hor-
mone (TRH) induced T4 and T3 responses were determined. (The cows in Herds A, B and C 
were sampled again in further 4 occasions 7 days apart. However, due to the inconsistent ten-
dencies in hormone and metabolite levels determined in these samples the corresponding data 
were excluded from the final evaluation, and the cows in Herd D were sampled only once, 
e.g. immediately after their calving.) 
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If after this day 1-3 sampling procedure mastitis was diagnosed in the first 28 days of lac-
tation, the standard clinical examination, milk sampling for bacteriology and treatment were 
performed. At the final evaluation data of non-mastitic cows were compared to those with 
mastitis caused by groups of the various pathogens. (Fig. 3) The course of uterine involution 
was checked by rectal palpation and vaginoscopy in all cows on day 6-14 after calving. The 
malodorous, reddish-brown, watery character of vaginal discharge was considered to be the 
clinical proof of acute putrid endometritis (APE), and the cows showing these pathognostic 
symptoms were assigned into a separate group. 
 

Fig. 3. The design of Exp. 2 
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Exp. 3 and 4 (in Herd A and D) 
These two studies were conducted in cows calved in April - June, 1997 (Herd A) and in 

May - July, 1998 and 2000 (Herd D). All of them were milked 3 times a day (between about 
8.00 - 9.30 h, 15.30 - 17.00 h and 23.00 - 0.30 h) during at least the first two months of lacta-
tion. Animals affected by mastitis in the early and late puerperium, or during their peak lacta-

tion (e.g. on day 0-14, 15-28 or 29-60 after calving, respectively) were enrolled in the 
study.(Fig. 4) In Exp. 3 also the presence of systemic symptoms (Table 2) of this disease was 
involved in the inclusion criteria. As controls, their healthy counterparts (being almost identi-
cal in parity, stage of lactation and current milk yield) were selected in the same herd in both 
of these experiments. Cows recognized to show the first clinical symptoms of mastitis at the 

morning milking (e.g. at about 8.00 - 9.30 h), and their healthy counterparts were separated 
for the trials. They were placed and kept in the sanitary unit of the farm until their complete 
clinical recovery and the end of the withdrawal period of the medicine administered (mastitic 
cows), or until the sampling process was completed (healthy controls). After diagnosing the 
outbreak of mastitis the standard clinical examination was performed, milk samples were 
taken for bacteriology and treatment was administered when the affected cows arrived at the 
sanitary unit (e.g. at about 10.00 - 11.30 h). In Exp. 3 blood samples were taken for endocrine 
and metabolite determinations at 14.00 h, and again at further 5 subsequent times 6 h apart 
(e.g. at 20.00 h, 02.00 h, 8.00 h, 14.00 h and 20.00 h). (Fig. 5) All samplings were preceded 
by complete milking out at least 90 min. earlier. Simultaneously with this blood sampling 
milk samples were also taken from the non-affected quarters for assaying the progesterone 
(P4) content (in cows after the colostral period only). In Exp. 4 the ACTH challenged cortisol 
release and the TRH induced T4 and T3 responses were determined (administering the ACTH 
/ TRH at 14.00 h). Only the challenging and sampling processes were performed, however, in 
the healthy counterparts. 
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Fig. 4.  The design of Exp. 3 and 4 
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Fig. 5. Sample collection in Exp. 3 
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4.2.2.3. Clinical examination. Sampling for bacteriology. Isolation and identification of 
pathogens 
 

As symptoms of mastitis (macroscopic appearance of milk and/or local symptoms on the 
affected quarter, with or without systemic signs) were observed in cows involved in the trial, 
the affected individual was separated immediately for clinical examination, sampling for bac-
teriology and receiving the standard treatment procedure. The date of outbreak and the sever-
ity of symptoms were recorded and scored on a scale from 1 (no changes) to 3 (severe reac-
tion) as described by Pyörälä and Syvajarvi (1987) (Table 1).  
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Table 1:  Recording and scoring the clinical symptoms of mastitis (after Pyörälä and 
Syvajarvi, 1987) 
 Score 1 Score 2 Score 3 
Systemic 
signs 

None Rectal temperature: ≤ 40.5 
Co and/or slight anorexia and 
depression 

Rectal temperature: >40.5 Co 
and/or severe anorexia and 
depression, or recumbency 

Local signs None Moderate swelling + tender-
ness of the affected quar-
ter(s) 

Severe swelling, firmness, 
the quarter very sore to touch 

Milk appear-
ance 

Normal Slightly watery, discolored, 
and/or clots and flakes 

Consistency serum-like, pus-
like, and/or bloody 

Notes:        Systemic signs  Local signs       Milk appearance 
Clinical mastitis,     mild:         Score 1  Score 1 or 2   Score 2 

moderate:     Score 1 or 2  Score 2 or 3           Score 2 or 3 
severe:      Score 2 or 3  Score 2 or 3           Score 2 or 3 

 
Thereafter aseptic milk samples were taken from their affected quarter(s). The samples 

were stored frozen at -20 Co and transported to the lab once (Exp. 1, 3 and 4) or twice (Exp. 2) 
a week. The mastitis pathogens were isolated after Honkanen-Buzalski and Seuna (1995). 
From each sample, 0.01 ml was streaked onto the surface of one-fourth plate of 90 mm Co-
lumbia agar (Merck, KgaA, Darmstadt, Germany) containing 5% sheep blood and 0.01% es-
culin. All the plates were incubated at 37 oC, and were evaluated after 14 to 16 h and again 
following an additional 24 h. The colonies were tentatively identified according to their mor-
phology, pigment production, Gram-staining, catalase test and the type of hemolysis pro-
duced. The pure cultures were identified based on the recommendations of Honkanen-
Buzalski and Seuna (1995) and Quinn et al.(1994). 

 
4.2.2.4. Standard treatment procedure 
 

As usual under farm conditions, schematic intramammary administration of commer-
cially available antimicrobials (e.g. 75 mg Ampicillin Na + 200 mg Cloxacillin Na: Ampiclox 
L.A., Pfizer AH; 235 mg Cephacetril Na: Vetimast, Novartis AH; 250 mg Cephopera-
sone: Pathozone, Pfizer AH) were used for treatment. According to the medical instructions 
the preparations were administered twice (Ampiclox) or once (Vetimast) a day for 1-4 days, 
or only once (Pathozone) just after the mastitis outbreak. The systemic administration of glu-
cocorticoids and non-steroidal antiinflammatory agents were not allowed in this study, be-
cause we wanted to avoid their interference with the endocrine consequences of mastitis. 
 
4.2.2.5. Blood sampling. Endocrine and metabolic assay procedures 
 

To assay the basal concentrations of hormones and metabolites blood (hereafter: t0) sam-
ples were collected in accordance with the design of Exp. 1-4 (for details: see there) from the 
jugular vein into heparinized (in Exp. 1-4) and NaF containing tubes (in Exp. 2 only). The 
samples were centrifuged within 30 min.. The NaF plasma was kept on +4 Co and assayed for 
glucose within 24 h (in Exp. 2 only). The heparinized plasma was stored frozen at -20 Co until 
assaying for other metabolites and hormones.  

The levels of acetoacetic acid (AcAc), βOH-butyrate (BHB), non-esterified fatty acid 
(NEFA), trigliceride (TG), total cholesterol (TCh) and urea, as well as of progesterone (P4), 
cortisol, thyroid hormones [T4, T3 and the inactivated thyroid hormone formation (3,3',5'-
triiodothyronine or reverse-triiodothyronine, rT3)], insulin, IGF-I and IGF-II were analyzed. 
The parameters determined in Exp. 1 to 4, and the analytical procedures are summarized in 
Table 2 and 3.  

 
 



Table 2: The endocrine assay procedures  
 

 

Hormone 
 

Technique 
 

Trial 
Sensi- 
tivity a 

Intraassay 
CV % 

Interassay 
CV % 

 

Kit / Literature 

Hormones from defatted milk samples b 
Progesterone (P4) Microplate ELISA c Exp. 3 0.18 

nmol/l 
5.1 - 11.6  ≤12.3  Locally developed assay (Budapest) 

(Nagy et al, 1998) 
Hormones from blood (heparinized plasma) samples b 
Progesterone (P4) Direct  3H-RIAd Exp. 1 and 3 0.58 

nmol/l 
5.3 - 11.6 6.8 - 12.3 Locally developed assay (Budapest) 

(Nagy et al, 1998) 
Cortisol Direct  3H-RIA e Exp. 1, 2, 3 and 4 0.27 

nmol/l 
3.2 - 8.7 ≤ 10.3 Locally developed assay (Budapest) 

(Csernus, 1982) 
Exp. 1 2.00 

nmol/l 
3.6 - 4.2 4.3 - 9.5 125I-T4 RIA kit (INEP, Zemun, Yugo-

slavia) 
Thyroxin (T4) 

125I-RIA 

Exp. 2, 3 and 4 1.46 
nmol/l 

6.6 - 8.5 ≤ 7.7 125I-T4 RIA MIS kit f  (Institute of Iso-
topes Co. Ltd, Budapest, Hungary) 

Exp. 1 0.25 
nmol/l 

5.2 – 7.2 4.1 – 9.3 125I-T3 RIA kit (INEP, Zemun, Yugo-
slavia) 

3,3',5-triiodo-
thyronine (T3) 

125I-RIA 

Exp. 2, 3 and 4 0.18 
nmol/l 

6.2 - 8.8 ≤ 6.7 125I-T3 RIA MIS kit  g (Institute of Iso-
topes Co. Ltd, Budapest, Hungary) 

3,3',5'-triiodo-
thyronine (rT3)

 h 

125I-RIA Exp. 2 and 4 25.75 
pmol/l 

5.4 - 7.8 % ≤ 10.3 Locally developed assay (Budapest) i 

Exp. 1 0.60 
µIU/l 

2.5 – 5.2 7.7 – 10.7 125I-Insulin RIA kit (INEP, Zemun, 
Yugoslavia) 

Exp. 2 (samples taken in 
Herds A-B) 

1.04 
µIU/ml 

7.7 - 10.2 ≤ 12.3 125I-Insulin RIA PEG kit j (Institute of 
Isotopes Co. Ltd, Budapest, Hungary) 

Insulin 125I-RIA 

Exp. 2 (samples taken in 
Herds C-D), 3 and 4 

1.08 
µIU/ml 

5.5 - 8.4 % ≤ 8.8 125I-Insulin RIA CT kit j (CIS Bio In-
ternational Ltd, Gif-Sur-Yvette, France) 

Exp. 2 (samples taken in 
Herds A-B) and 3 

0.25 
nmol/l 

3.6 - 6.5 
%. 

≤ 12.5 Locally developed assay (Utrecht) (Nap 
et al, 1993) k, l 

Insulin-like growth 
factor-I (IGF-I) 

Extraction and het-
erologous 125I-RIAk 

Exp. 1, 2 (samples taken 
in Herds C-D)  

0.20 
nmol/l 

3.1 – 6.2 ≤ 12.0 Locally developed assay (Zemun) (Ni-
kolić et al. 1996, 2001a) k, l 

Insulin-like growth 
factor-II (IGF-II) 

Extraction and het-
erologous 125I- RIA 

k 

Exp. 1 0.31 
nmol/l m 

3.0 – 6.0 5.0 – 13.0 Locally developed assay (Zemun) (Ni-
kolić et al. 1998, 2001a) k, m 
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Notes for Table 2:   
a 

Lower limit of sensitivity 
b 

In all of the assay systems the binding pattern of serially diluted cow samples was parallel to that of the 

standard curves, and the recovery of added hormones from bovine milk / plasma varied between 94 and 
106 %. 

c 
Modified and validated for assaying P4 in bovine skimmilk (Huszenicza et al., 1998; Taponen et al., in 

press.). 
d 

Validated for assaying P4 in bovine plasma. 
e 

Validated for assaying cortisol in bovine plasma (Kulcsar et al, 1996). 
f
 The kit developed for human use was slightly modified and validated for assaying T4 in bovine plasma. 

g
 The kit developed for human use was validated for assaying T3 in bovine plasma. 

h 
Synonym: reverse-triiodo-thyronine (rT3) 

i 
A locally developed 

125
I-RIA system based on the use of a specific antibody, as well as labeled and unla-

beled rT3 provided by the of Institute of Isotopes Co. Ltd (Budapest, Hungary) (the cross-reaction of anti-

body with T4 and T3 was <1 %). The antibody bound and free phases were separated with dextran char-

coal technique. 
j 
The kit developed for human use was validated for assaying insulin in bovine plasma. 

k 
Total concentrations of IGF-I and IGF-II were determined in neutralized acid-ethanol extracts of plasma us-

ing classical 
125

I-RIA systems, as slightly modified and validated for bovine samples (in Utrecht: Dieleman, 

unpublished; in Zemun: Nikolić et al. 1996, 2001a).  
l 
Since the amino acid composition of bovine (b) and human (h) IGF-I is the same, h-IGF-I was used as the 

working standard in the presence of h-IGF-II (4 ng/tube).  
m 

The IGF-II RIA was calibrated against reference h-IGF-II (WHO 96/538) but partially purified b-IGF-II was 

used as the working standard (Nikolić et al. 1998, 2001a). So the results are expressed in human equiva-
lent (HE) nmol/l. 

 
Table 3: The assay procedures used for determination of enzymes and metabolites  

Parameter  Technique Kit / Literature 
Aspartate ami-
notransferase 
(AST) 

Exp. 2 IFCC, UV method* Reanal Ltd, Budapest, Hungary 
(Kit 7249)  

Glucose Exp. 2 Enzymatic (GOD-POD reac-
tion* 

Diagnosticum Ltd, Budapest, 
Hungary (Kit  40841)  

Acetoacetate 
(AcAc) 

Exp. 2 Salicylaldehyde reaction Walker, 1954 

βOH-butyrate 
(BHB) 

Exp. 1, 2 and 3 βOH-butyrate dehydrogenase 
reaction* 

Sigma Diagnostics Co., (Kit  
310-A) 

Non-esterified 
fatty acid 
(NEFA) 

Exp. 1, 2 and 3 Extraction of their colored soaps Noma et al., 1973 

Total cholesterol 
(TCh) 

Exp. 2 Enzymatic (CHOD-PAP) reac-
tion * 

Diagnosticum Ltd, Budapest, 
Hungary (Kit  40121)  

Trigliceride (TG) Exp. 2 Enzymatic method* Diagnosticum Ltd, Budapest, 
Hungary (Kit  40721) 

Urea Exp. 2 Enzymatic (urease) reaction Reanal Ltd, Budapest, Hungary 
(Kit 16571) 

Notes: *Measured on an automathized clinico-chemical analyzer (Eppendorf ACP 5040) 
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4.2.2.6. Challenge tests of adrenocortical and thyroid function. (in Exp. 2 and 4) 
 

The adrenocortical and thyroid response to standard low doses of ACTH and TRH chal-
lenges were determined after Kolk (1991) and Tveit et al. (1990), respectively. Immediately 
after taking the t0 samples 60 µg 1-24ACTH (Cortrosin inj, Organon, Oss, The Netherlands) 
and 400 µg TRH (pGLU-HIS-PRO amide acetate salt, Sigma, St. Louis, USA) solved in sa-
line were administered into the jugular vein simultaneously (but from two different syringes), 
and another blood samples were collected again 60, 240 and 360 minutes later (t60, t240 and 
t360 samples, respectively) for cortisol (in t60 sample) and T4 and T3 determinations (in t240 and 
t360 samples).  
 
4.2.2.7. Data evaluation 
 

In Exp. 2 the 1.00 mmol/l of BHB level was estimated as a border between hyperketone-

mic (≥1.00 mmol/l) and normoketonemic (<1.00 mmol/l) conditions (Bruss, 1997). When the 
physiological degree of ACTH induced cortisol response was calculated, the data (x ± SD) on 
cortisol determined in t60 samples of symptomless, normoketonemic (n = 199) cows were 
used: the value of standard deviation (SD; 49.59 nmol/l) was subtracted from the mean level 
(x; 89.16 nmol/l). After Kolk (1991) the case of temporary hypocorticism was supposed, 
when the current t60 cortisol value of a cow was below this calculated threshold of about 40 
mmol/l.  

The results were subjected to chi square test (distributions), Student’s t test (pair-wise 
comparison of group means) or one-way analysis of variance (ANOVA) (comparison of ≥ 3 
groups). The statistical significance of differences between means of ≥ 3 groups was esti-
mated by calculating the least significant difference (LSD). In Exp. 1 also split-plot factorial 
analysis of variance was done when appropriate (two missing values were calculated and the 
degrees of freedom adjusted accordingly) (Kleinbaum and Kupper, 1978; Juvancz and Paksy, 
1981). Some correlation and multiregression analyses were also performed. For estimation of 
prognostic value attributable to circulating hormone and metabolite levels being above/below 
a given threshold the Odds ratio was calculated in Exp.2. Considering pathogen types 1 (con-
tagious pathogens: S. aureus), 2 [Gram-positive (GP) environmental pathogens], and 3 
[Gram-negative (GN) environmental pathogens + mastitis caused by not detectable pathogens 
(NDP)] separately, stepwise logistic regression was used to analyze the relation between po-
tential prognostic factors (hormone and metabolite levels) and mastitis outbreak. Analyses 
were made by the statistical package SPSS for Windows 8.0.  
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4.2.3. RESULTS  
 

4.2.3.1. Effect of mastitis on peri-parturient endocrine changes (Exp. 1) 
 

Clinical findings 

During the peri-parturient sampling period no inflammatory processes were detected in 
five animals (Cows 323, 3092, 3122, 6942 and 7044), which remained healthy throughout the 
subsequent lactation. 

Mastitis associated with GP contagious pathogens (S. aureus) appeared in two cows on 
day 1 and day 5 postpartum, respectively (Table 4). In the first case (Cow 5599), the calf was 
stillborn and all four udder quarters became severely affected. Only two quarters of Cow 5896 
were affected, the calf was healthy but fetal membranes were retained for 2 days after calving. 
Despite treatment the mastitis became chronic and relapsing, so the cows were eventually 
culled.  

On days 1 to 3 after calving mastitis was diagnosed in a further eight cows (Table 4). In 
six of them GN bacteria (mainly E. coli) were identified as single pathogens, or in combina-
tion with coagulase-negative Staphylococci (CNS). The fetal membranes were retained for 2 
days in two of these cows (Nos 979 and 5198). In the two other cases (Cows 643 and 5929) 
no detectable pathogen (NDP) could be isolated from the mastitis affected quarters, although 
CNS were identified in one inflamed quarter of Cow 5929. Despite the severe general and 
local symptoms observed in Cows 5198 and 7097, all the animals showed complete clinical 
recovery within 2-5 days.  

When endocrine and metabolic changes were evaluated, the mastitic cows (Table 4) were 
placed in subgroups of cases caused by GN environmental pathogens (n = 6; five of them re-
sulted from intramammary E. coli infection), NDP mastitis (n = 2) or GP contagious patho-

gens (S. aureus; n = 2). Mastitis related endotoxin loading was considered to be confirmed, 
supposed or excluded in these subgroups, respectively. Unfortunately the limited number of 
cows available in the Exp. 1 allowed the realistic statistical comparison of healthy cows and 
of those with E. coli mastitis only.  
 

Endocrine and metabolic characteristics of healthy cows and of those with GN mastitis 

 
The time course of changes in mean hormone and metabolite concentrations for the two 

groups of five cows is given in Table 5. There were highly significant time-associated 
changes for P4, T3, T4, IGF-I, IGF-II, cortisol, insulin, BHB and NEFA concentrations. One 
control cow (No 3092) showed obviously elevated lipid mobilization (NEFA: 1.09 mmol/l) 
and mild hyperketonaemia (BHB: 1.35 mmol/l) on day 2 postpartum but all other values for 
BHB were below the physiological limit (<1 mmol/l). A statistically significant difference 
between the groups was detected only for T4 and BHB, because individual characteristics of 
the cows and the small number of individuals prevented the apparently large difference in 
mean IGF-I from showing statistical significance (P = 0.13).  

The presence of significant time/group interactions for T3 and IGF-II indicated that the 
changes with time were not the same for both groups (Table 5). Namely, while the mean con-
centrations of T3 and IGF-II were similar prepartum, lower concentrations were recorded 
postpartum in the cows exhibiting mastitis. Although the significant decrease in mean plasma 
IGF-II associated with parturition was of similar magnitude (~7 nmol HE/l) in both groups, 
low concentrations remained on day 2 postpartum in the cows with mastitis. 



 
Table 4: The clinical findings in cows with mastitis in Exp. 1 
 

Left forequarter Right forequarter Left rearquarter Right rearquarter 
Score of Score of Score of Score of 

 
Cow 
No 

Gen-
eral 

symp-
tom 

score 

Day of 
out-

break 

 
Patho-

gen 
local 
symp. 

Milk 
appear. 

Day of 
out-

break 

 
Patho-

gen 
local 
symp. 

milk 
appear. 

Day of 
out-

break 

 
Patho-

gen 
local 
symp. 

milk 
appear. 

Day of 
out-

break 

 
Patho-

gen 
local 
symp. 

milk 
appear. 

Mastitis with Gram-negative environmental pathogens (as a single pathogen or in combination with others; endotoxin loading confirmed)* 
979 1     2 Klebs.

1
 2 3         

5198 3 1 E.coli 2 3 1 E.coli 1 2 1 E.coli
2
 2 3 3 CNS 1 2 

6011 1     1 E. coli 2 2 1 CNS 1 2     
6204 2     1 E. coli 2 3 1 CNS** 1 1 1 CNS 1 2 
7063 2     2 E. coli 2 3 2 E. coli 1 2 3 E. coli

3
 1 2 

7097 3 3 CNS 1 2 1 E. coli 3 3 1 E. coli 2 3     
Mastitis with no detectable pathogens (NDP) in at least one quarter (endotoxin loading supposed)* 

643 2         1 NDP. 2 3 2 NDP. 2 3 
5929 2     2 NDP. 2 3 2 CNS 1 2     

Mastitis with Gram-positive contagious pathogens (endotoxin loading excluded)*** 
5599 2 1 S. aur. 2 2 1 S. aur 1 2 1 S. aur 3 3 1 S. aur

1
 2 2 

5896 2 5 S. aur 2 2     5 S. aur 3 3     
Notes: Klebs.: Klebsiella oxytoca; E. coli: Escherichia coli; CNS: coagulase-negative Staphylococci; S. aur.: Staphylococcus aureus; NDP: no detectable pathogens 

1,2,3
Besides the primary pathogen some colonies of 

1
CNS (Cows 979 and 5599), 

2
Klebsiella (Cow 5198), or 

3
Serratia (Cow 7063) strains were also isolated 

    *Complete clinical recovery was observed in all of the affected quarters within 3-4 days. 
  **Despite the positive bacteriological finding, no clinical symptoms were seen in the quarter. 
***Both cases became chronic, relapsing again on days 21 (Cow 5599) and 31 (Cow 5896). The cows were culled after the clinical relapse. 
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Table 5:  Mean concentrations of hormones in plasma of cows with no clinical signs of mas-

titis during the early puerperium (Contr.; n=5), and of those with episodes of post-
parturient E. coli mastitis (Mast.; n=5) in Exp. 1. 

Mean time from calving (days)  
-5.0 -2.2 0 2.0 4.8 

F- 
group  

F-  
time  

F- 
int. 

Contr. 5.42a 4.71a 0.87b 0.52b 0.55b P4 (nmol/l) 

Mast. ♦ 4.01a 4.67a 0.82b 0.73b 0.38b 
1.03 59.6*** 1.23 

Contr. 1.48ab 1.72ab 1.44ab 1.26bc 1.31abc T3 (nmol/l) 

Mast. ♦ 1.79a 1.51ab 1.41ab 0.91c 0.89c 
0.44 9.14*** 2.75

* 

Contr. 42.2ab 44.2a 29.5de 33.3bcd

e 
42.0abc T4 (nmol/l) 

Mast. ♦ 37.5abc

d 
31.3cde 24.7e 23.5e 30.7de 

6.27* 8.85*** 0.94 

Contr. 14.5a 10.8ab 8.5ab 6.6b 6.2b IGF-I 
(nmol/l) Mast. ♦ 7.9ab 8.7ab 5.8b 3.8b 3.8b 

2.82 4.42** 0.49 

Contr. 17.8bcd 15.3cde 8.1e 20.9abc 26.3a IGF-II (HE 
nmol/l) Mast. ♦ 18.7abc

d 
19.6abc

d 
12.5de 12.5de 23.6ab 

0.01 11.83***
 

3.18

* 

Contr. 3.1b 2.8b 11.4a 3.4b 3.0b Cortisol 
(nmol/l) Mast. ♦ 3.9b 3.5b 12.8a 5.7b 1.5b 

0.49 15.56***
 

0.51 

Contr. 6.4ab 6.3ab 2.3c 3.9abc 4.8abc Insulin 
(mIU/l) Mast. ♦ 7.0a 4.0abc 2.9abc 6.5ab 6.8a 

0.54 5.13*** 1.99 

Contr. 0.43bc - 0.46abc 0.80a 0.75ab BHB 
(mmol/l) Mast. ♦ 0.36c - 0.39c 0.46abc 0.43bc 

5.27* 4.49* 1.83 

Contr. 0.27b - 0.49ab 0.69a 0.54ab NEFA 
(mmol/l) Mast. ♦ 0.40ab - 0.59ab 0.51ab 0.57ab 

0.05 5.19** 0.22 

Notes:      ♦Their mastitis related endotoxin loading was considered to be confirmed 
abcde

Means for the same substance not sharing superscripts are significantly different (P<0.01) 

   *P<0.05  
  **P<0.01  
 ***P<0.001 
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Table 6:  Mean concentrations of hormons in plasma of cows with episodes of postparturient 
mastitis without identified pathogen (NDP mastitis) and of those with S. aureus 
mastitis in Exp. 1 

Mean time from calving (days)  
-5.0 -2.2 0 2.0 4.8 

Mastitis with no detectable pathogens (NDP mastitis) (n=2) 
P4 (nmol/l) 4.67 5.37 1.05 0.37 0.56 

T3 (nmol/l) 1.18 1.06 0.75 0.71 0.88 

T4 (nmol/l) 32.2 27.2 23.0 23.6 34.9 

IGF-I (nmol/l) 5.6 5.2 5.9 6.7 4.1 

IGF-II (HE nmol/l) 16.8 14.1 6.6 18.9 21.1 

Cortisol (nmol/l) 4.2 4.4 12.4 3.5 1.3 

Insulin (mIU/l) 4.2 5.1 2.4 3.7 6.6 

BHB (mmol/l) 0.57 - 0.70 0.73 0.79 
NEFA (mmol/l) 0.48 - 0.95 0.75 0.65 
S. aureus mastitis (n=2) 
P4 (nmol/l) 4.02 3.31 0.73 0.59 0.47 

T3 (nmol/l) 1.87 1.28 1.39 1.21 1.38 

T4 (nmol/l) 45.5 34.3 27.2 36.0 29.6 

IGF-I (nmol/l) 12.2 13.5 10.0 11.6 8.4 

IGF-II (HE nmol/l) 20.1 21.5 16.7 24.4 29.1 

Cortisol (nmol/l) 1.7 2.0 14.4 1.7 0.4 

Insulin (mIU/l) 6.1 6.7 3.2 7.2 12.1 

BHB (mmol/l) 0.43 - 0.80 0.72 0.52 
NEFA (mmol/l) 0.38 - 0.59 0.63 0.35 
 
 

Endocrine and metabolic characteristics of cows with NDP mastitis or S. aureus associated 

mastitis 

 
The time course of changes in hormone and metabolite concentrations for these four cows 

is given in Table 6. While the small number of cases prevented the realistic statistical evalua-
tion, it is apparent that the trends for the two cows with supposed Gram-negative mastitis 
were similar to those where recognized pathogens had been isolated (Table 5). Namely, thy-
roid hormone and IGF-I concentrations were generally low. In contrast, the two cows with 
mastitis caused by Gram-positive bacteria had peripheral hormone concentrations similar to 
those with no symptoms of mastitis.  

 
Hormonal interrelationships 

 
Multiregression analysis of the results for the whole period examined, showed that T4 

concentrations overall were independently associated with T3 (t = 8.93; P < 0.001) and IGF-I 
concentrations (t = 2.28; P = 0.025) positively, together with cortisol negatively (t = - 4.97; P 
< 0.001; R2  = 0.648), which relationship accounted for two-thirds of the variance in T4 con-
centrations. Analysis of the data obtained for the two intervals prepartum gave a similar inde-
pendent relationship (R2 = 0.709) for T4 with T3 (t = 5.56; P < 0.001), IGF-I (t = 3.40; P = 
0.002) and cortisol (t = - 2.02; P = 0.053). However, T4 concentrations postpartum were asso-
ciated with T3 (t = 4.20; P < 0.001) and IGF-II (t = 1.94; P < 0.062, R2 = 0.565). IGF-I and 
IGF-II concentrations overall were weakly correlated (r = 0.289; P = 0.012) but more signifi-
cant positive correlations emerged when the data obtained prepartum (r = 0.466; P = 0.009) 
and postpartum (r = 0.567; P = 0.001) were analyzed separately. 
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4.2.3.2. Metabolic predisposition for and clinical characteristics of mastitis observed in 
early weeks of lactation (Exp. 2) 
 

In the first 4 weeks of their lactation mastitis was observed to occur in 146 of the 335 
cows involved in Exp. 2 (identified pathogens: Table 7). Within 1-5 days after the outbreak of 
mastitis 11 of these 146 cows died or were emergency slaughtered (thereafter referred to as 
lost cases). Some others were lost only later, after a 10 to 25 day-long course of this disease. 
In all the lost cows the first pathognostic symptoms of mastitis were recorded in the first 10 
days after calving. Acute putrid endometritis (APE) was diagnosed in 49 of the 146 mastitic 
cows on days 6-12. In the overwhelming majority of these 49 cows environmental pathogens 
were identified (n=32), or no pathogens were detected (NDP mastitis; n=12). Contagious 
pathogens (represented by S. aureus) were found only in 5 cases (Table 7). In the group of 
non-mastitic 187 cows 12 animals were lost (9, 2 and 1 of them due to ketosis plus fatty liver, 
severe weight loss plus lameness, and APE, respectively).  

The severity of clinical symptoms was the same in cows with GN and NDP mastitis, and 
they showed usually more severe clinical symptoms with higher rectal temperature than the 
animals with GP mastitis.  So  the  corresponding clinical data of cows with GN and NDP 
mastitis were pooled and compared to those with GP intramammary infection (IMI) in Table 

8. In severity of symptoms, however, no significant differences (P>0.1) were found between 
the cases occurring in the first vs. second 2-week periods. 
 

Table 7: Mastitis pathogens isolated and identified in Exp. 2. 
 

Mastitis on day ≤ 28 
Mastitis as a single disease 
On day 1-14 

 
 

All cases of 
mastitis on 
day ≤ 28 All cases Of them: 

lost♦ 

On day 
15-28♦♦ 

Mastitis (on 
day 1-28) + 

APE (on 
day 6-12)  

S. aureus 30 19 2 6 5 
Coagulase-negative Staphylococci (CNS) 8 7 -- 1 -- 
Strep. dysgalactiae 9 4 -- 1 4 
Strep. uberis 25 9 1 6 10 
Other Str. 5 1 -- -- 4 
E. coli 38 18+ 4 8 12♦♦♦ 
Klebsiella 2 -- -- -- 2 
No detected pathogen (NDP) 29 12 4 5 12++ 
All 146 70 11 27 49 
Notes:        APE: acute putrid endometritis (diagnosed on day 6-12) 

♦♦♦
Lost: number of cows died + emergency slaughtered due to mastitis within 1-5 days after the out-

break. 
♦♦♦

None of the cows was lost due to mastitis within 1-5 days after the outbreak. 
♦♦♦

2 of them were lost due to mastitis within 1-5 days after the outbreak, and 3 others after a longer 

(14-21 day-long) course. 
++ + 

2 other cows were lost after a longer (15-23 day-long) course.          
    ++

3 of these cows were lost after a longer (10-25 day-long) course. 
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Table 8:  Severity of clinical symptoms in mastitis caused by various pathogens in the first 

and second 2-week periods after calving (Exp. 2). 
Score of  Rectal 

tempera-
ture, oC 

systemic 
signs 

local  
signs 

milk ap-
pearance 

alto- 
gether 

Mastitis on d 1-14 
x 39.7 1.4 1.8 2.1 5.2 GP (n=40) 

± SD 0.6 0.7 0.7 0.3 1.4 
x 40.7 2.7 2.4 2.4 7.4 GN+NDP (n=30) 

± SD 0.8 0.5 0.6 0.5 1.3 
P< 0,001 0,001 0,001 0,01 0,001 

Mastitis on d 15-28 
x 39.5 1.6 1.8 2.1 5.5 GP (n=14) 

± SD 0.7 0.6 0.7 0.4 1.5 
x 40.4 2.5 2.5 2.4 7.3 GN+NDP (n=13) 

± SD 0.5 0.7 0.5 0.5 1.3 
P< 0,001 0,01 0,01 ns 0,01 

Notes: GN: Gram-negative; GP: Gram-positive; NDP mastitis: mastitis with no detected pathogens 

 
Table 9:  The plasma metabolite and hormone levels of non-mastitic cow and of those 
with mastitis on d 1-14, and d 15-28, as a single disease, or in combination with acute putrid 
endometritis (APE) (Exp. 2). 
 AcAc 

(mmol/l) 
BHB 

(mmol/l) 
NEFA 

(mmol/l) 
IGF-1 

(nmol/l) 
Insulin 

(µIU/ml) 
T4 

(nmol/l) 
T3 

(nmol/l) 
rT3 

(pmol/l) 
0.132a 0.89abc 0.358abc 4.72abc 3.87 28.84ab 1.18 217 ab Non-mastitic 

(n=187) 0.086 0.56 0.217 1.77 2.39 9.35 0.29 58 
0.150b 1.12a 0.447a 3,99a 3.43 25.54a 1.10 233 Mastitis, d 1-14 

(n=70) 0.114 0.58 0.221 1,57 2.46 6.02 0.18 43 
0.273abc 1.18b 0.454b 4,02b 3.24 26.68 1.10 236a Mastitis, d 15-29 

(n=27) 0.394 0.50 0.261 1,59 3.03 5.08 0.19 36 
0.157c 1.15c 0.436c 4,12c 3.65 25.69b 1.11 237b Mastitis + APE 

(n=49) 0.124 0.68 0.219 1,50 2.24 6.48 0.22 48 
F= 7.33 5.22 4.21 4.56 0.91 4.01 2.52 3.27 

LSD(P<0.05)= 0.054 0.21 0.082 0.60 ns 2.99 ns 19 

Note: abc
Within a column the group means sharing the same superscripts are significantly different (P<0.05) 

 
 
Table 10: The plasma metabolite and hormone levels in cows affected by contagious patho-

gens (S. aureus) vs. environmental pathogens plus NDP on d 1-14 as a single dis-
ease, or in combination with acute putrid endometritis (APE) (Exp. 2). 

 AcAc 
(mmol/l) 

BHB 
(mmol/l) 

IGF-1 
(nmol/l) 

Insulin 
(µIU/ml) 

T4 
(nmol/l) 

T3 
(nmol/l) 

rT3 
(pmol/l) 

0.094 0.80 4,52 5.35 27.17 1,22 0.22 Mastitis caused by  S. aureus 
(n=24) 0.076 0.34 1,58 2.57 7.25 0,22 0.06 

0.168 1.21 3,80 3.06 25.19 1,06 0.24 Mastitis caused by GP + GN 
environmental pathogens 
+ NDP (n=95) 

0.122 0.65 1,55 2.08 5.86 0,16 0.04 

P< 0.001 0.001 (0.1) 0.001 (0.1) 0.01 (0.08) 

 



 36 

 

Table 11: The predictive value of day 1-3 hyperketonaemia (BHB level: ≥1.00 mmol/l) for 
occurrence of clinical mastitis caused by various pathogens in the first 4 weeks of 
lactation (Exp. 2). 

95 % confidence interval  

Isolated mastitis pathogen 
Odds 
ratio Lower Upper 

Mastitis outbreak: on d 1-28 after calving 
S. aureus 1.333 0.585 3.041 
GP environmental pathogens 3.600 1.857 6.977 
GN environmental pathogens + NDP 5.333 2.941 9.670 

Notes:  GN: gram-negative; GP: gram-positive; NDP mastitis: mastitis with no detected pathogens 

 
On day 1-3 after calving the cows affected by mastitis later in the subsequent 4 weeks (as 

a single disease, or in combination with APE) were characterized by significantly elevated 
AcAc, BHB, NEFA and rT3 levels, and lower IGF-1, T4 and T3 concentrations then their non-
mastitic herd mates (Table 9). No similar mastitis related significant differences were found, 
however, in glucose, TCh, urea and insulin concentrations, as well as in TRH induced T4 and 
T3  responses (details are not given). These metabolic and endocrine differences derived 
mainly from data of cows infected with GP (CNS, Strep. dysgalactiae, Strep. uberis, and 
other Strep.) and GN  (E. coli  and Klebsiella strains) environmental pathogens later, 

 

 

 
 

plus from the mastitic cases with no detected pathogens (NDP), rather than from those with S. 

aureus mastitis (Table 10). In the first 4 weeks of lactation the occurrence of S. aureus masti-
tis was almost the same in hyperketonemic (BHB level: ≥1.00 mmol/l) as in normoketonemic 
(BHB level <1.00 mmol/l) cows. However, the prevalence of mastitis caused by GP and GN 

environmental pathogens plus of those with NDP mastitis was significantly higher among the 
hyperketonemic individuals (Fig. 6). In mastitis caused by environmental pathogens clear 
hyperketonaemia related predisposition was verified also by calculating the odds ratio (Table 

11). The hyperketonaemia based prediction was more pronounced in GN plus NDP than GP 
mastitis. However, no significant forecasting value was attributable to BHB elevation in S. 

aureus mastitis (Table 11). However, despite the significant differences in day 1-3 mean con-
centrations (Tables 9 and 10), due to their low odds ratio no obvious predictive value can be 
attributed to any other hormones or metabolites, and neither hyperketonaemia, nor the other 
determined parameters related directly to severity and course in any forms of mastitis (no de-
tails are given). 

Fig. 6: The βOH-butyrate 
related distribution of 
mastitic cases caused  
by S. aureus, GP and 
GN environmental 

pathogens plus those 
with no detected 

pathogens (NDP) in the 
first 4 weeks of lacta-
tion (Exp. 2). (Note: 5, 7 

and 12, as well as 0, 11 and 
14 of these cases were af-
fected also by acute putrid 
endometritis in the normoke-
tonemic and hyperketonemic 
cows, respectively.) 
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4.2.3.3. Involvement of temporary hypocorticism in pathogenesis of mastitis (Exp. 2) 
 

When the day 1-3 characteristics of adrenocortical function was evaluated, no mastitis re-
lated differences were found in the basal cortisol levels. Based on their above normal cortisol 
response to a standard low dose ACTH challenge temporary hypocorticism was diagnosed in 
76 of the 335 cows (22.7 %). In the first two weeks 7 and 10 of them (altogether 22.4 %) were 
affected by GP and GN+NDP mastitis, as a single disease. The cows with GN or NDP masti-
tis showed more severe general symptoms in case of hypocorticism than normocorticism, and 
of them significantly higher rate of hypocorticoid than normocorticoid cows died or were 
emergency slaughtered due to mastitis. No similar tendency was found, however in cows with 
GP mastitis (Table 12), or in mastitis occurring in the later postpartum periods (details are not 
given). 
 

Table 12: The effect of hypocorticism on the course of mastitis caused by various pathogens 
on day 1-14 after calving (Exp. 2). 

Clinical symptoms at the outbreak (x ± SD) 
Score of 

 

Mastitis 
pathogen 

 

Adrenocortical 
function* 

 

All 
(n) 

Of them: died 
+ emergency 
slaughtered 

Rectal  
temperature systemic signs altogether 

Normocorticism 33 2 (  6.1 %) 39.7 ± 0.6 1.3 ± 0.6 5.2 ± 1.3 
Hypocorticism 7 1 (14.3 %) 39.8 ± 1.0 1.6 ± 1.0 5.3 ± 2.0 

GP: 

P<  ns ns ns ns 
Normocorticism 20 2 (10.0 %) 40.3 ± 0.7 2.5 ± 0.5 7.1 ± 1.4 
Hypocorticism 10 6 (60.0 %) 41.3 ± 0.4 3.0 ± 0.0 8.1 ± 1.0 

GN + NDP: 

P<  0.05 0.001 0.001 0.05 

Notes:  *Based on the cortisol response after a standard low dose ACTH challenge 
  GN: Gram-negative; GP: Gram-positive; NDP mastitis: mastitis with no detected pathogens 

 
Table 13: Mastitis pathogens isolated and identified in Exp. 3. 
 

Mastitis diagnosed as a single disease  
In early puerperium 

(day 0 to 14) 
In late puerperium 

(day 15 to 28) 
During the peak lacta-

tion (day 29 to 60) 
S. aureus 2 1 1 
Coagulase-negative Staphylococci 
(CNS) 

6 -- 2 

Strep. dysgalactiae -- 1 2 
Strep. uberis 3 2 3 
Other Str. -- -- -- 
E. coli 7 (of them died: 1) 3 4 
Klebsiella -- 1 1 
Pseudomonas aeruginosa -- -- 1 
No detected pathogen (NDP) 6 (of them died: 2) 3 6 
All 24 11 20 
 
4.2.3.4. Mastitis-related endocrine and metabolic alterations in Exp. 3 
 

In the early and late puerperium and during the peak lactation 24, 11 and 20 mastitic 
cows and their 13, 10 and 14 healthy counterparts were involved in the study, respectively. 
The pathogens isolated and identified are shown in Table 13. One and two cows with E coli 
and NDP mastitis died due to this disease on the 2nd to 3rd day of the course. All these cases 
lost were diagnosed in the early puerperal phase. In all the others the general symptoms dis-
appeared within 1 to 3 days after the outbreak, which was followed by complete clinical re-
covery in most of the affected quarters soon (Table 13). The endocrine and metabolic pattern 
of cows with GN mastitis was very close to those observed in cows with NDP mastitis (details 
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are not given). So their data were pooled and compared to corresponding findings in cows 
with GP mastitis as well as in healthy individuals. 

Compared to the healthy controls and those with GP intramammary infection the cows 
with GN+NDP mastitis were characterized by significantly elevated cortisol levels at the be-
ginning of the sampling procedure (e.g. in samples taken at 14.00 h on the day of diagnosis) 
representing the first about 7-14 h of the clinical course. Although the individual differences 
were quite obvious, in the subsequent hours a sharp drop was seen in cows with GN+NDP 
mastitis, while the cortisol level of healthies and of those with GP mastitis remained un-
changed. So the between-group differences disappeared within about 16 h (Table 14). These 
time-related changes in cortisol could be observed in almost all the GN+NDP mastitic cases, 
regardless of the stage of lactation when mastitis was diagnosed. No similar tendency was 
seen, however in animals died soon (Fig. 7). 
 

 

 
 

The circulating level of thyroid hormones (T4 and T3) was lower in cows with NDP+GN mas-
titis than in their healthy counterparts even in the first samples, and it continued to decrease in 
the first about 36 h of the course. Their nadir was seen in the morning samples of the 2nd day. 
These time-related changes in thyroid hormones were a bit more obvious in T3 than in T4, 
characterizing the cases diagnosed in early puerperium rather than those observed later (Ta-

bles 15 and 16).  
There were no mastitis related differences in IGF-I levels in the first some hours of the 

course. Later however, a similar but less rapid tendency was observed also in IGF-I as in T4 
and T3 (Table 17). In cows with GP mastitis only a mild depression was seen in both the thy-
roid hormone and IGF-I concentrations (Tables 17-17).  

Extremely low levels of thyroid hormones and IGF-I were determined in the 3 cows died 
of GN mastitis in the first two weeks of lactation (Fig. 7). 
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Fig. 7: Time-related changes in plasma cortisol, T3 
and IGF-I concentration of cows affected by 
GN + NDP mastitis in the early puerperium. 
(Note difference between the recovered and died indi-

viduals: *P<0.05; **P<0.01; **P<0.001; ****P<0.0001) 
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Table 14:  Mastitis-related alterations in cortisol levels in Exp. 3. 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

Cortisol, nmol/l 
Early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 25,38ab+ 19,30a+ 9,79 8,78 10,34 7,61 5.76 9.01 

(n=13) ±SD 12,31 18,12 6,16 5,22 10,36 6,29   

GP mastitis x 11,08a 9,66 10,95 8,96 8,23 8,94 0.34 ns 

(n=11) ±SD 6,39 7,58 10,96 3,37 4,15 4,05   

Healthy control x 9,04b 7,64a 7,97 8,18 7,80 7,37 0.36 ns 

(n=13) ±SD 4,25 3,19 3,52 3,47 3,37 3,06   

F=  14.09 3.65 0.51 0.12 0.50 0.38   

LSDP<0.05  7.38 10.17 ns ns ns ns   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 24,51ab+ 19,13ab+ 8,91 9,81 7,91 8,67 10.26 6.70 

(n=7) ±SD 9,99 5,67 4,72 5,08 2,99 2,95   

GP mastitis x 10,83a 10,60a 10,70 10,93 12,61 10,56 0.10 ns 

(n=4) ±SD 5,34 4,65 2,24 4,50 6,18 5,76   

Healthy control x 9,21b 8,87b 8,76 8,76 8,58 8,64 0.04 ns 

(n=10) ±SD 4,04 3,17 3,79 3,52 3,57 3,39   

F=  11.20 11.72 0.34 0.39 1.97 0.49   

LSDP<0.05  8.10 5.24 ns ns ns ns   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 18,15ab+ 15,50+ 11,30 9,66 6,74 6,34 3.18 8.13 

(n=12) ±SD 11,38 15,01 9,11 6,81 3,33 3,86   

GP mastitis x 8,51a 7,80 8,89 7,01 7,58 8,09 0.21 ns 

(n=8) ±SD 3,47 3,82 5,08 4,40 3,97 3,97   

Healthy control x 8,86b 8,92 9,13 8,85 8,81 8,82 0.04 ns 

(n=14) ±SD 3,15 3,17 3,99 3,57 3,61 3,62   

F=  6.52 2.20 0.48 0.65 1.09 1.42   

LSDP<0.05  6.68 ns ns ns ns ns   

In all evaluated cows 
NDP+GN mastitis x 22,48ab+ 17,84ab+ 10,16 9,33 8,46 7,36 14.13 4.96 

(n=32) ±SD 11,65 14,72 7,02 5,67 7,06 4,75   

GP mastitis x 10,14a 9,15a 10,19 8,62 8,77 8,93 0.37 ns 

(n=23) ±SD 5,27 5,81 8,03 4,01 4,63 4,21   

Healthy control x 9,02b 8,46b 8,62 8,59 8,39 8,26 0.21 ns 

(n=37) ±SD 3,70 3,15 3,70 3,43 3,45 3,34   

F=  29.84 9.91 0.69 0.28 0.04 1.02   

LSDP<0.05  4.30 5.20 ns ns ns ns   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 15:  Mastitis-related alterations in the thyroxin (T4) levels in Exp. 3. 
 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

Thyroxin (T4), nmol/l 
Early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 38,5 31,0ab 27,0ab+ 26,2ab+ 26,4ab+ 27,0ab+ 2.11 10.1 

(n=13) ±SD 9,8 14,5 14,8 12,1 10,9 8,2   

GP mastitis x 45,2 44,6a 40,6a 39,3a 40,1a 40,2a 0.45 ns 

(n=11) ±SD 11,7 12,4 13,7 11,4 12,6 13,3   

Healthy control x 46,9 47,4b 44,2b 44,8b 45,5b 46,3b 0.17 ns 

(n=13) ±SD 10,1 10,2 11,0 11,2 11,2 11,8   
F=  4.15 6.32 6.04 8.80 9.42 10.08   
LSDP<0.05  ns 10.9 11.5 10.1 10.0 9.7   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 46,4a 43,0a 39,4a 35,7a 37,4a 38,2a 0.40 ns 

(n=7) ±SD 17,0 17,4 16,0 15,3 16,1 17,8   

GP mastitis x 55,6 51,1 49,3 50,4 49,7 52,2 0.91 ns 

(n=4) ±SD 5,7 7,4 5,1 1,2 2,7 4,3   

Healthy control x 63,2a 64,3a 62,6a 63,0a 63,9a 64,6a 0.05 ns 

(n=10) ±SD 11,4 11,4 12,7 11,6 11,6 11,5   

F=  3.49 5.52 6.64 10.56 9.45 8.46   

LSDP<0.05  15.4 15.8 15.6 14.4 14.8 15.5   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 55,3 55,1 51,7 47,0a 50,8 50,5a 0.29 ns 

(n=12) ±SD 19,2 18,3 20,4 19,2 22,3 20,6   

GP mastitis x 62,9 61,5 62,0 60,4 58,6 59,0 0.05 ns 

(n=8) ±SD 25,5 25,0 21,2 21,9 20,2 21,1   

Healthy control x 66,5 67,3 64,9 65,9a 67,0 68,0a 0.12 ns 

(n=14) ±SD 11,7 12,1 11,6 11,9 12,2 12,6   

F=  1.23 1.50 1.94 3.97 2.57 3.12   

LSDP<0.05  ns ns ns 15.9 ns 16.4   

In all evaluated cows 
NDP+GN mastitis x 46,5a 42,7a 39,0ab 36,1ab+ 38,0ab 38,6ab 1.29 10.2 

(n=32) ±SD 16,7 19,4 20,1 17,9 19,8 18,8   

GP mastitis x 53,1 51,6 49,6a 48,6a 48,2a 48,8a 0.28 ns 

(n=23) ±SD 18,5 18,3 18,1 17,5 16,6 17,4   

Healthy control x 58,7a 59,5a 57,0b 57,7b 58,6b 59,5b 0.17 ns 

(n=37) ±SD 14,0 14,3 14,9 14,8 15,0 15,3   

F=  4.89 8.16 8.95 14.53 12.30 12.59   

LSDP<0.05  9.00 9.6 9.8 9.2 9.6 9.5   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 16:  Mastitis-related alterations in the 3,3’,5-triiodo-thyronine (T3) levels in Exp. 3. 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

3,3’,5-triiodo-thyronine (T3), nmol/l 
Early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 1,30 0,97ab 0,78ab+ 0,86ab+ 0,89ab+ 0,92ab+ 2.34 0.36 

(n=13) ±SD 0,30 0,51 0,51 0,47 0,40 0,32   

GP mastitis x 1,43 1,39a 1,37a 1,41a 1,43a 1,45a 0.08 ns 

(n=11) ±SD 0,25 0,24 0,26 0,38 0,47 0,42   

Healthy control x 1,52 1,53b 1,41b 1,42b 1,46b 1,50b 0.36 ns 

(n=13) ±SD 0,28 0,28 0,31 0,28 0,33 0,37   
F=  2.04 8.03 10.87 8.78 8.18 9.65   
LSDP<0.05  ns 0.32 0.33 0.34 0.35 0.32   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 1,32ab 1,18ab 1,04ab 0,95ab 1,05ab 0,99ab 0.75 ns 

(n=7) ±SD 0,39 0,40 0,39 0,39 0,48 0,46   
GP mastitis x 1,75a 1,67a 1,60a 1,62a 1,66a 1,63a 0.11 ns 

(n=4) ±SD 0,35 0,30 0,30 0,33 0,32 0,34   
Healthy control x 1,78b 1,82b 1,71b 1,78b 1,80b 1,84b 0.18 ns 

(n=10) ±SD 0,33 0,34 0,32 0,32 0,32 0,30   
F=  3.80 6.85 8.29 12.26 8.30 11.27   
LSDP<0.05  0.42 0.42 0.41 0.41 0.45 0,44   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 1,73 1,59 1,46a 1,47ab 1,50a 1,50a 0.33 ns 

(n=12) ±SD 0,52 0,54 0,63 0,63 0,68 0,72   

GP mastitis x 2,04 1,97 1,94 1,99a 1,95 1,99 0.03 ns 

(n=8) ±SD 0,68 0,65 0,53 0,56 0,44 0,51   

Healthy control x 2,05 2,08 2,00a 2,03b 2,09a 2,11a 0.09 ns 

(n=14) ±SD 0,48 0,51 0,51 0,52 0,52 0,54   

F=  1.31 2.65 3.36 3.57 3.67 3.55   

LSDP<0.05  ns ns 0.51 0.52 0.52 0.56   

In all evaluated cows 
NDP+GN mastitis x 1,46a 1,25ab 1,09ab+ 1,11ab+ 1,15ab+ 1,16ab+ 1.90 0.30 

(n=32) ±SD 0,45 0,56 0,60 0,58 0,59 0,59   

GP mastitis x 1,70 1,64a 1,61a 1,65a 1,65a 1,67a 0.09 ns 

(n=23) ±SD 0,52 0,49 0,45 0,50 0,48 0,49   

Healthy control x 1,79a 1,82b 1,71b 1,75b 1,79b 1,82b 0.31 ns 

(n=37) ±SD 0,43 0,46 0,47 0,47 0,49 0,49   

F=  4.57 11.21 13.60 14.34 13.53 14.21   

LSDP<0.05  0.26 0.28 0.29 0.29 0.29 0.29   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 17:  Mastitis-related alterations in the insulin-like growth factor-I (IGF-I) levels in Exp. 3. 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

Insulin-like growth factor-I (IGF-I), nmol/l  
Early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 4,03 3,39 2,92ab 2,72ab 2,42ab+ 2,42ab+ 1.72 1.46 

(n=13) ±SD 1,67 2,06 1,74 1,63 1,66 1,53   

GP mastitis x 4,57 4,37 4,41a 4,32a 4,28a 4,33a 0.04 ns 

(n=11) ±SD 1,92 1,80 1,86 1,67 1,66 1,40   

Healthy control x 4,40 4,39 4,39b 4,40b 4,38b 4,41b 0.00 ns 

(n=13) ±SD 1,16 1,18 1,14 1,17 1,18 1,15   

F=  0.37 1.41 3.63 5.09 6.81 8.62   

LSDP<0.05  ns ns 1.39 1.30 1.31 1.19   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 4,97 4,40 3,94 3,75 3,67 3,66 0.48 ns 

(n=7) ±SD 2,04 1,91 1,91 2,00 2,07 2,09   

GP mastitis x 5,75 5,74 5,67 5,63 5,61 5,62 0.00 ns 

(n=4) ±SD 1,98 2,16 2,11 2,10 2,10 2,13   

Healthy control x 5,80 5,79 5,78 5,77 5,78 5,82 0.00 ns 

(n=10) ±SD 1,56 1,55 1,53 1,58 1,59 1,58   

F=  0.48 1.38 2.45 2.77 2.91 3.00   

LSDP<0.05  ns ns ns ns ns ns   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 7,12 6,26 5,82 5,64a 5,59a 5,51a 0.61 ns 

(n=12) ±SD 2,19 2,75 2,90 2,85 2,82 2,82   

GP mastitis x 7,17 6,92 6,80 6,67 6,75 6,70 0.07 ns 

(n=8) ±SD 1,79 1,83 2,08 2,01 2,00 1,86   

Healthy control x 7,66 7,64 7,62 7,67a 7,66a 7,65a 0.00 ns 

(n=14) ±SD 1,49 1,47 1,44 1,55 1,46 1,49   

F=  0.33 1.42 2.28 2,78 3.00 3.21   

LSDP<0.05  ns ns ns 2.01 1.97 1.97   

In all evaluated cows 
NDP+GN mastitis x 5,35 4,65a 4,22a 4,03ab 3,88ab+ 3,85ab+ 1.67 1.37 

(n=32) ±SD 2,38 2,60 2,55 2,52 2,58 2,58   

GP mastitis x 5,64 5,44 5,42 5,30a 5,27a 5,35a 0.09 ns 

(n=23) ±SD 2,09 2,11 2,14 2,06 2,10 2,01   

Healthy control x 6,01 6,00a 5,99a 6,01b 6,00b 6,02b 0.00 ns 

(n=37) ±SD 1,97 1,96 1,94 1,99 1,97 1,96   

F=  0.82 3.13 5.57 6.99 7.86 8.49   

LSDP<0.05  ns 1.25 1.24 1.23 1.24 1.23   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 18:  Mastitis-related alterations in the insulin levels in Exp. 3. 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

Insulin, µµµµIU/l 
Early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 5,9 20,1ab+ 16,5ab+ 10,4ab 8,6ab 7,2ab 8.05 6.1 

(n=13) ±SD 4,9 9,0 9,4 7,6 6,6 3,5   

GP mastitis x 3,8 3,4a 3,5a 4,2a 3,9a 3,8a 0.21 ns 

(n=11) ±SD 1,2 1,4 2,2 3,5 1,8 1,3   

Healthy control x 3,8 3,9b 3,6b 3,7b 3,9b 4,1b 0.22 ns 

(n=13) ±SD 1,4 1,4 1,3 1,3 1,3 1,3   

F=  1.94 38.14 21.28 7.21 5.50 8.21   

LSDP<0.05  ns 4.8 5.0 4.3 3.6 2.0   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 8,9 15,9ab 11,9ab 10,5ab 10,4ab 8,3a 0.97 ns 

(n=7) ±SD 7,5 9,0 7,9 6,7 7,3 4,7   

GP mastitis x 3,9 3,4a 3,5a 3,8a 4,9a 5,0 1.54 ns 

(n=4) ±SD 1,2 1,3 1,0 0,9 1,2 1,1   

Healthy control x 4,2 4,2b 4,0b 4,2b 4,2b 4,4a 0.13 ns 

(n=10) ±SD 1,1 1,1 1,1 1,2 1,1 1,1   

F=  2.73 11.94 7.01 6.08 4.55 4.03   

LSDP<0.05  ns 6.3 5.4 4.7 5.1 3.4   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 7,5 12,4ab+ 10,1ab 8,8ab 8,5a 8,4a 2.62 3.3 

(n=12) ±SD 2,1 6,1 4,7 3,2 2,5 1,8   

GP mastitis x 6,3 5,5a 5,3a 6,0a 6,5 6,7 0.32 ns 

(n=8) ±SD 2,5 3,0 3,1 2,6 2,6 2,8   

Healthy control x 6,2 6,3b 6,0b 6,2b 6,2a 6,3a 0.04 ns 

(n=14) ±SD 2,0 2,0 2,0 2,0 2,0 2,1   

F=  1.34 9.47 6.41 4.07 3.48 3.20   

LSDP<0.05  ns 3.8 3.1 2.4 2.1 2.0   

In all evaluated cows 
NDP+GN mastitis x 7,2ab 16,3ab+ 13,1ab+ 9,8ab 9,0ab 7,9ab 9.99 3.4 

(n=32) ±SD 4,8 8,5 7,9 5,9 5,5 3,3   

GP mastitis x 4,7a 4,1a 4,1a 4,8a 5,0a 5,0a 0.69 ns 

(n=23) ±SD 2,1 2,2 2,5 2,9 2,3 2,3   

Healthy control x 4,8b 4,9b 4,6b 4,8b 4,9b 5,0b 0.19 ns 

(n=37) ±SD 1,9 1,9 1,9 1,9 1,9 1,9   

F=  5.87 51.56 31.93 16.65 12.94 13.38   

LSDP<0.05  1.8 2.9 2.8 2.2 2.0 1.4   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 19:  Mastitis-related alterations in the non-esterified fatty acids (NEFA) levels in 
Exp. 3. 

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

Non-esterified fatty acids (NEFA), mmol/l 
In the early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 0,59 0,72ab+ 0,66a 0,57 0,55 0,51 1.58 0.19 

(n=13) ±SD 0,23 0,25 0,24 0,20 0,20 0,20   

GP mastitis x 0,48 0,48a 0,49 0,48 0,46 0,44 0.07 ns 

(n=11) ±SD 0,17 0,17 0,21 0,18 0,19 0,18   

Healthy control x 0,46 0,46b 0,46a 0,44 0,41 0,39 0.29 ns 

(n=13) ±SD 0,15 0,16 0,14 0,13 0,11 0,10   

F=  1.79 6.73 3.70 1.94 2.25 1.74   

LSDP<0.05  ns 0.17 0.18 ns ns ns   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 0,39 0,44a 0,46 0,42 0,38 0,37 0.72 ns 

(n=7) ±SD 0,08 0,11 0,13 0,14 0,10 0,10   

GP mastitis x 0,39 0,43 0,44 0,39 0,33 0,31 0.82 ns 

(n=4) ±SD 0,09 0,17 0,16 0,07 0,10 0,11   

Healthy control x 0,33 0,32a 0,35 0,32 0,31 0,30 0.97 ns 

(n=10) ±SD 0,05 0,06 0,06 0,06 0,05 0,05   

F=  1.99 3.34 2.41 2.40 1.63 1.62   

LSDP<0.05  ns 0.12 ns ns ns ns   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 0,37a 0,40a 0,42a 0,38 0,34 0,32 0.65 ns 

(n=12) ±SD 0,13 0,16 0,21 0,20 0,12 0,11   

GP mastitis x 0,37b 0,36b 0,38 0,35 0,33 0,31 0.28 ns 

(n=8) ±SD 0,15 0,14 0,14 0,13 0,13 0,14   

Healthy control x 0,26ab 0,26ab 0,27a 0,26 0,26 0,25 0.16 ns 

(n=14) ±SD 0,06 0,05 0,06 0,06 0,06 0,06   

F=  3.99 4.61 3.60 2.47 2.30 1.78   

LSDP<0.05  0.10 0.11 0.14 ns ns ns   

In all the evaluated cows 
NDP+GN mastitis x 0,46a 0,54ab+ 0,53ab+ 0,47a 0,43a 0,41a 2.09 0.11 

(n=32) ±SD 0,20 0,24 0,23 0,20 0,18 0,17   

GP mastitis x 0,43 0,43a 0,44a 0,42 0,39 0,38 0.56 ns 

(n=23) ±SD 0,16 0,16 0,18 0,16 0,17 0,17   

Healthy control x 0,35a 0,34b 0,36b 0,34a 0,33a 0,31a 0.84 ns 

(n=37) ±SD 0,13 0,13 0,12 0,11 0,10 0,09   

F=  4.10 10.33 7.69 5.90 3.89 4.42   
LSDP<0.05  0.09 0.10 0.10 0.09 0.08 0.08   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 20:  Mastitis-related alterations in the βOH-butyrate (BHB) levels in Exp. 3.  

Day of outbreak The subsequent day Time-related  
14 h 20 h 2 h 8 h 14 h 20 h F= LSDP<0.05 

ββββOH-butyrate (BHB), mmol/l 
In the early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis x 1,68ab 1,25+ 0,88+ 0,76+ 0,75+ 0,70+ 10.44 0.37 

(n=13) ±SD 0,69 0,61 0,28 0,25 0,25 0,26   

GP mastitis x 1,11b 1,04 0,95 0,80 0,77 0,78 1.49 ns 

(n=11) ±SD 0,48 0,51 0,49 0,30 0,25 0,25   

Healthy control x 0,96b 0,95 1,05 0,98 1,00 0,98 0.08 ns 

(n=13) ±SD 0,40 0,37 0,46 0,48 0,52 0,49   

F=  6.35 1.20 0.55 1.36 1.81 2.12   

LSDP<0.05  0.47 ns ns ns ns ns   

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 1,23 1,13 0,90 0,80 0,75+ 0,74+ 3.19 0.36 

(n=7) ±SD 0,47 0,42 0,30 0,16 0,19 0,14   

GP mastitis x 1,05 0,92 0,88 0,85 0,83 0,79 0.48 ns 

(n=4) ±SD 0,28 0,30 0,28 0,18 0,26 0,26   

Healthy control x 0,89 0,88 0,95 0,91 0,87 0,89 0.04 ns 

(n=10) ±SD 0,50 0,47 0,48 0,47 0,46 0,43   

F=  1.13 0.73 0.06 0.20 0.23 0.44   

LSDP<0.05  ns ns ns ns ns ns   

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 0,93 0,89 0,75 0,72 0,71 0,73 1.44 ns 

(n=12) ±SD 0,44 0,46 0,14 0,13 0,10 0,10   

GP mastitis x 0,72 0,74 0,69 0,68 0,68 0,64 0.16 ns 

(n=8) ±SD 0,33 0,34 0,22 0,19 0,20 0,15   

Healthy control x 0,78 0,79 0,84 0,80 0,80 0,78 0.09 ns 

(n=14) ±SD 0,28 0,28 0,29 0,30 0,26 0,26   

F=  0.98 0.45 1.17 0.76 1.10 1.35   

LSDP<0.05  ns ns ns ns ns ns   

In all the evaluated cows 
NDP+GN mastitis x 1,30ab 1,09+ 0,84+ 0,76+ 0,74+ 0,72+ 11.93 0.20 

(n=32) ±SD 0,64 0,53 0,25 0,19 0,19 0,18   

GP mastitis x 0,96a 0,92 0,84 0,77 0,75 0,73+ 1.73 0.22 

(n=23) ±SD 0,43 0,43 0,39 0,25 0,23 0,23   

Healthy control x 0,87 b 0,87 0,94 0,89 0,89 0,88 0,17 ns 

(n=37) ±SD 0,37 0,35 0,39 0,39 0,40 0,38   

F=  6.93 2.45 0.91 1.96 2.61 2.26   

LSDP<0.05  0.28 ns ns ns ns ns   

Notes:    
+
Within a row the signed group mean is significantly different (P<0.05) from the lowest / highest value (in 

bold) of the corresponding data set. 
ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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At the beginning of the sampling procedure the level of insulin was a bit higher in cows 
with NDP+GN than in those with GP mastitis, as well as in healthy controls. Afterwards fur-
ther significant, but only temporary increase (forming the peak values in the 2nd and/or 3rd 
samples) was determined in the NDP+GN mastitic cows, but never in the other two groups of 
animals. These time-related insulin changes in the NDP+GN mastitic cows were obvious in 
all 3 stages of lactation studied, but the tendency seemed to be more pronounced in the early 
puerperium than later (Table 18).  

Similar (but from statistical point of view less significant) tendencies forming a mild pla-
teau in the 2nd and/or 3rd samples in cows with NDP+GN mastitis only were observed also in 
plasma levels of non-esterified fatty acids (NEFA) (Table 19). 

In the first samples elevated (≥1.00 mmol/l) βOH-butyrate (BHB) concentrations were 
found in 20 of the 32 cows with NDP+GN mastitis, but only in 7 of the 23 animals with GP 
mastitis and in 7 of the 37 controls (P<0.001). Later a dramatic reduction was seen in rate of 
hyperketonaemic individuals among the NDP+GN mastitic cows (P<0.001), but their propor-
tion decreased hardly or remained unchanged in the other two groups. So at the end of the 
sampling period this rate was 1/32, 4/23 and 6/37 (P<0.2) in cows with NDP+GN or GP mas-
titis and controls, respectively. These changes in BHB levels characterized mainly the cows 
studied in the early puerperium (Table 20). 

The plasma and milk progesterone (P4) concentrations mirrored the lack of luteal activity 
in all of the cows in the early puerperium, as well as in 16 of the 22 and 11 of the 34 animals 
in the late puerperium and during the peak lactation, respectively. In some of these cows, 
which might be in the stage of postpartum ovarian acyclicity or in the follicular phase of their 
cycle, simultaneously with the above detailed mastitis-related cortisol elevation also slight, 
temporary increase in P4 levels was observed sometimes. These mild, usually non-luteal P4 
peaks of 1.23 to 3.16 nmol/l in plasma and 1.03 to 1.78 nmol/l in skim milk coincided with 
the cortisol increase in all the cases, and disappeared completely in the second half of the 
sampling period. The phenomenon was recorded in 15 of the 22 cows with NDP+GN mastitis, 
but neither in those with GP mastitis nor in the healthy controls. No similar temporary P4 ele-
vation was seen in the three cows died some hours later, either. According to the detected P4 
levels in their plasma and milk, 10 of the cows with NDP+GN mastitis were proved to be in 
the luteal stage of their ovarian cycle. In 8 of them the P4 levels remained elevated till the end 
of the sampling procedure. However, in the further 2 cows the corpus luteum (CL) related 
concentrations of P4 in the first two blood (5.43 – 5.78 and 8.73 – 8.77 nmol/l) and milk sam-
ples (3.36 – 3.51 and 3.49 – 3.56 nmol/l) were followed by a sharp decline reaching the mini-
mal levels of 0.95 and 0.78 nmol/l in blood and 0.98 and 0.92 nmol/l in milk at the end of the 
sampling period. The mastitis outbreak was observed in both of these cows during the peak 
lactation, but in the first few days (e.g. on days 32 and 37) of this period. No similar P4 drop 
was seen in the 6 and 13 cows showing luteal activity in the GP mastitic and healthy groups.  
 
4.2.3.5. Challenging the adrenocortical and thyroid function in mastitic and healthy 
cows (Exp. 4)  
 

In Exp. 4 the ACTH-induced cortisol response and TRH-challenged thyroid hormone re-
lease were studied in 44, 17 and 35 new cases of mastitis, and in 44, 17 and 35 of their healthy 
counterparts in the early and late puerperium and during the peak lactation, respectively. The 
list of isolated and identified pathogens is presented in the Table 21. Three of these cows died 
or were emergency slaughtered due to S. aureus, E. coli, or NDP mastitis (one in each group), 
all of them in the early puerperal phase. As seen in Exp. 3, in those animals recovered the 
general symptoms disappeared within 1 to 3 days after the outbreak. However, some of them 
had to be culled later.   
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Table 21: Mastitis pathogens isolated and identified in Exp. 4. 
 

Mastitis diagnosed as a single disease  
In early puerperium 

(day 0 to 14) 
In late puerperium 

(day 15 to 28) 
During the peak lacta-

tion (day 29 to 60) 
S. aureus 2 (of them died: 1) 1 1 
Coagulase-negative Staphylococci 
(CNS) 

5 1 1 

Strep. dysgalactiae 2 2 2 
Strep. uberis 4 3 4 
Other Str. 2 -- 3 
E. coli 13 (of them died: 1) 4 11 
Klebsiella 1 1 1 
Pseudomonas aeruginosa -- 1 -- 
Citrobacter freundii 1 -- -- 
No detected pathogen (NDP) 14 (of them died: 1) 4 12 
All 44 17 35 
 

Table 22: ACTH-induced cortisol response in Exp. 4. 
 

Cortisol, nmol/l (x±SD)  
Basal (in t0 sample) Stimulated (in t60 sample) 

Temporary hy-
pocorticism 

In the early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis (n=29)♦ 15,87 ± 11,60ab 80,05 ± 31,97 4♦ 
GP mastitis (n=15)♦♦ 10,54 ± 4,24a 88,78 ± 33,03 2 
Healthy control (n=44) 11,64 ± 4,75b 85,41 ± 44,93 7 

F= 3,48 0,29  
LSDP<0.05 4,51 ns  

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis (n=10) 11,12 ± 8,21 103,90 ± 26,36 -- 
GP mastitis (n=7) 8,05 ± 4,36 99,52 ± 25,14 -- 
Healthy control (n=17) 10,32 ± 5,42 105,11 ± 33,47 -- 

F= 0,53 0,09  
LSDP<0.05 n n  

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis (n=24) 12,14 ± 11,96 101,11 ± 35,01 2 
GP mastitis (n=11) 12,92 ± 10,10 111,53 ± 23,72 -- 
Healthy control (n=35) 10,75 ± 5,33 115,20 ± 41,30 -- 

F= 0,33 1,05  
LSDP<0.05 ns ns  

Note:    ♦Two of these 4 cows died of E. coli and NDP mastitis 
♦♦

One of these cows was emergency slaughtered due to S. aureus mastitis. However, that cow showed 

physiological response to the standard ACTH challenge. 
  ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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Table 23: ACTH-induced cortisol response in cows with GN+NDP mastitis in the early puer-
perium (Exp. 4)  

Cortisol, nmol/l (x±SD)  
Basal 

(in t0 sample) 
Challenged 

(in t60 sample) 
Increment 
(t0 ⇒ t60) 

Temporary 
hypocorticism 

GN+NDP mastitis, in the early puerperium (day ≤≤≤≤14 after calving) 
Mild (n=11) 10,00 ± 6,09a 94,79 ± 26,93 84,79 ± 28,18ab 0 
Moderate (n=9) 11,53 ± 5,95b 69,60 ± 31,63  58,07 ± 30,46ac 2 

Severe (n=9)♦ 27,38 ± 13,10ab 72,48 ± 34,40 45,10 ± 27,60bc 2♦ 
F= 11,17 2,04 39,57  
LSDP<0.05 8,70 ns 11,19  

Note:  ♦Two of these 4 cows died of E. coli and NDP mastitis 
abc

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 

 

 
The endocrine response to ACTH and TRH challenge in cows with GN mastitis was almost 
the same, as in those with NDP mastitis (details are not given). So the data of NDP and GN 
mastitis affected cows were pooled and compared to those with GP mastitis, as well as of the 
healthy individuals. 

Regardless of the interval elapsed since calving the basal cortisol concentration was quite 
similar in all three stages of the postpartum period. However, the mean of cortisol response to 
the standard low dose ACTH challenge was significantly lower in the first two weeks after 
calving than later (Fig. 8). Using similar principles as in Exp. 2 the lower threshold of physio-
logical cortisol response was calculated to be almost the same (40.48 nmol/l; ≈ 40 nmol/l) as 
in the earlier experiment. According to this cut-off level temporary hypocorticism was sup-
posed to occur in 13 of 88 cows in the early puerperium, but only in 2 of 104 animals 
(χ2=9.457; P<0.01) sampled later. 

In the early puerperium the cows with NDP+GN mastitis were characterized by higher 
cortisol levels in their basal (t0) samples than those with GP mastitis, as well as their healthy 
counterparts. The standard low dose ACTH challenge induced (further) elevation in mean 
values of all three groups (Table 22). In cows with NDP+GN mastitis the increase in baseline 
level was more obvious, but the subsequent cortisol increment was less pronounced in severe 
than in moderate and mild cases (Table 23). In this form of mastitis 4 cows showed lower 
than usual cortisol response to the ACTH challenge, and two of them died (Table 22). No 
similar interrelations were observed, however, in cases of GP mastitis (no details are given). 
In the late puerperium and during the peak lactation no mastitis related changes were seen in 
the adrenocortical function (Table 22).  

The cows were characterized by significantly lower basal T4 and T3 concentration in the 
early than late puerperium and during the peak lactation (Fig. 9).  An  inverse  tendency  was  
seen in the 
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Fig. 9: The basal T4 and T3 levels and TRH-induced thyroid hormone responses in cows in the 
early (n=88) and late puerperium (n=34) and during the peak lactation (n=70) (Exp. 4) 
ANOVA (

a
P<0.05; 

b
P<0.01; 

cd
P<0.001):  

T4 (nmol/l), basal (0
th
 min.):     F=32.60, LSDP<0.05 = 6.5, LSDP<0.01 = 9.1, LSDP<0.001 = 12.7 
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th
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th
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T3 (nmol/l), basal (0
th
 min.):     F=23.20, LSDP<0.05 = 0.21, LSDP<0.01 = 0.29, LSDP<0.001 = 0.40 

  challenged:, 240
th
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  challenged:, 360
th
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circulating levels of rT3 (Fig. 10). Also the TRH-induced thyroid hormone responses were 
more obvious in the advanced stages of lactation than in the early postpartum period (Fig. 9). 
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Comparing to those found in healthy controls and in cows with GP mastitis the basal T4 
and T3 levels diminished in the cases of NDP+GN mastitis. Although the standard dose TRH 
challenge could induce further T4 and T3 release in all animals, this thyroid hormone response 
was more pronounced in healthies and in cows with GP mastitis than in those with NDP+GN 
mastitis (Table 24). These mastitis-related differences in thyroid function were the most obvi-
ous in the first two weeks after calving mastitis (Table 24), and derived mainly from data of 
cows showing the most severe form of this disease (including those 2 cows died soon after 
sampling), rather than from cases with only mild or moderate clinical symptoms (Figs 11 and 
12). 
 
Table 24: The TRH-induced T4 and T3 responses and the basal rT3 concentration of healthy 

cows, as well as of those with NDP+GN mastitis or GP mastitis (Exp. 4) 
T4 

(nmol/l) 
T3 

(nmol/l) 
rT3 

(nmol/l) 
Basal Stimulated Basal Challenged Basal 

 

(in t0 
sample) 

(in t240 
sample) 

(in t360 
sample) 

(in t0 
sample) 

(in t240 
sample) 

(in t360 
sample) 

(in t0 
sample) 

In the early puerperium (day ≤≤≤≤14 after calving) 
NDP+GN mastitis♦ x 35,4ab 64,1ab 68,3ab 1,29a 2,32ab 1,97ab 0,219ab 
(n=29) ±SD 9,9 21,3 23,7 0,47 0,77 0,85 0,100 

GP mastitis♦♦ x 42,3a 81,0a 88,3a 1,49 2,75a 2,59a 0,149a 
(n=15) ±SD 12,2 11,1 12,8 0,30 0,47 0,47 0,050 
Healthy control x 46,5b 79,8b 88,4b 1,56a 2,72b 2,54b 0,165b 
(n=44) ±SD 14,2 15,4 16,4 0,45 0,56 0,88 0,089 

F=  6,77 8,68 11,14 3,40 4,15 4,98 4,44 

LSDP<0.05  7,4 10,0 11,0 0,26 0,37 0,48 0,052 

In the late puerperium (day 15-28 after calving) 
NDP+GN mastitis x 42,3a 77,4a 78,7ab 1,26ab 2,28ab 1,91ab 0,219ab 
(n=10) ±SD 18,0 23,8 21,7 0,43 0,43 0,65 0,125 
GP mastitis x 57,1 95,1 99,9a 1,83a 2,90a 2,82a 0,137a 
(n=7) ±SD 12,6 15,7 16,9 0,45 0,33 0,54 0,059 
Healthy control x 63,2a 97,4a 102,3b 1,89b 2,88b 2,78b 0,125b 
(n=17) ±SD 20,5 18,3 24,5 0,71 0,75 0,86 0,066 

F=  4,04 3,48 3,72 3,78 3,55 4,61 3,92 

LSDP<0.05  17,4 18,4 21,0 0,56 0,57 0,70 0,081 

During the peak lactation (day 29-60 after calving) 
NDP+GN mastitis x 52,9a 80,6a 92,7ab 1,72a 2,91ab 2,64ab 0,171ab 
(n=24) ±SD 15,8 23,2 22,0 0,63 0,84 0,78 0,092 
GP mastitis x 64,3 93,6 104,8a 2,16 3,46a 3,20a 0,111a 
(n=11) ±SD 20,8 10,9 9,8 0,55 0,62 0,44 0,076 
Healthy control x 67,5a 98,2a 104,4b 2,21a 3,40b 3,26b 0,117b 
(n=35) ±SD 22,2 20,3 16,3 0,59 0,61 0,59 0,059 

F=  3,32 5,42 3,52 3,7 3,77 7,02 4,41 

LSDP<0.05  13,2 13,4 11,7 0,46 0,49 0,43 0,049 

Note:    ♦Two of these 4 cows died of E. coli and NDP mastitis 
♦♦

One of these cows was emergency slaughtered due to S. aureus mastitis. However, that cow showed 

physiological response to the standard ACTH challenge. 
  ab

Within a column the group means sharing the same superscripts are significantly different (P<0.05) 
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ANOVA: Within the corresponding data sets: 

a
P<0.05; 

b
P<0.01;

 cd
P<0.001 

Early puerp.:  F=33.35,         

LSDP<0.05 = 0.054 nmol/l  
Late puerp.:  F=19.69,         

LSDP<0.05 = 0.093 nmol/l 
Peak lact.:  F=9.80,         

LSDP<0.05 = 0.075 nmol/l 
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4.2.4. DISCUSSION 
 

4.2.4.1. General considerations of this trial 
 

Experimental conditions. Design. Evaluation 

 
In the current trial we wanted to investigate the clinical relevance of metabolic predispo-

sition for mastitis caused by various pathogens, as well as of the possible mastitis-induced 

endocrine and metabolic alterations in postpartum dairy cows kept in commercial dairy 
herds. Concerning the metabolic aspects the supposed consequences of negative energy bal-
ance (NEB) were studied. Wide range of deficiency conditions (β-carotene, vitamins A and E, 
as well as selenium, zinc and copper), as other nutrition related factors have been reported to 
predispose cows for mastitis, and/or have been found to influence the course of this disease 
(Ali-Vehmas et al., 1997; Batra et al., 1992; Chew, 1987 and 1993; Harmon and Torre, 1994; 
Harmon et al., 1994; Kincaid et al., 1984; Scherf et al., 1994; Schukken et al., 1993a). How-
ever, studying their effects on mastitis was not the subject of the current research activity. On 
the other hand certain GN mastitis pathogens (E. coli and others) are known to result in a 
massive intramammary endotoxin loading of the host (Sandholm and Pyörälä, 1995a). En-
dotoxin mediated diseases and/or the experimental (intravenous or intramammary) admini-
stration of LPS have been verified to induce several sorts of endocrine changes: impairments 
in production and metabolism of thyroid hormones, as well as the involvement of ACTH / 
cortisol and growth hormone (GH) / IGF-I axes and insulin were observed (detailed below). 
Beyond these endocrine alterations endotoxin induced temporary increase have been reported 
to occur in circulating levels of prolactin (in lab rodents, humans and ruminants, but not in 
pig), glucagon (in lab rodents and humans) and catecholamines (in humans, dogs and adult 
rodents, but not in newborn and 20-day-old rats) (reviewed by Berczi, 1993). Furthermore the 
LPS administration caused marked parallel increases in mRNS abundance (both in rodents 
and pig) and serum level of leptin (in rodents only, but not in pig) (Houseknecht et al., 1998, 
Leininger et al., 2000). However, none of these latter 4 hormones were studied within the 
framework of the current trial. 

This study was intended to spread over almost all sorts of intramammary infections in-
cluding the predominant contagious microbe of S. aureus, as well as the most important GP 
and GN environmental pathogens. The occurrence rate of GN mastitis is about 15 % in West-
ern Europe (Sandholm and Pyörälä, 1995a), and it was reported to vary between 5 and 15 % 
in different surveys conducted in Hungary (Gacs et al., 1993; Markus, 2000). This prevalence 
would have been low for our purposes. However, in the early weeks of lactation GN bacteria 
may be the predominant mastitis pathogens on farms producing low (<150,000 - 250,000 / 
ml) somatic cell count milk (LSCCM) (Beaudeau et al., 2002; Green et al., 1996; Hogan et 
al., 1989; Miltenburg et al., 1996; Schukken et al., 1989), as well as their prevalence is known 
to increase also in humid seasons with relatively high temperature (Sandholm and Pyörälä, 
1995a). So this trial was carried out in large-scale dairy herds producing LSCCM for many 
years, and most of its sampling series were conducted in seasons supposed to provide the 
most suitable environmental conditions for rapid multiplication of these pathogens in fecal 
contaminated bedding material. Due to this reason, however, these findings can not be con-
cluded from epidemiological point of view.  

The endocrine, metabolic and immune response of high-yielding dairy cows to the post-
partum energy imbalance is known to have clear age-related characteristics (Suriyasathaporn 
et al., 2000). To avoid this source of variance only 2nd parity and older cows were involved in 
this study. The chosen cut-off value of 1.00 mmol/l BHB in plasma between hyperketonaemic 
(≥1.00 mmol/l) and normoketonaemic (<1.00 mmol/l) conditions is in agreement with the 
literature (Bruss, 1997), and is accepted also by others (Sartorelli et al., 2000) in similar stud-
ies. In model trials plasma level of BHB <0.80, 0.8-1.60 and ≥1.60 mmol/l are considered as 
low, medium and high concentrations, respectively (Suriyasathaporn et al., 1999). The same 
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border in plasma AcAc is about 0.35 mmol/l (Bruss, 1997; Sartorelli et al., 2000). However, 
due to its analytical uncertainties the AcAc is considered usually as a less expensive, but also 
less reliable parameter (Bruss, 1997). 

The challenge tests used in this trial for the estimation of functional capacity of adreno-
cortex and thyroid gland were introduced in the methodology of clinical oriented research in 
ruminants in the eighties (Alan et al., 1986; Hurley et al., 1981), and have been widely ac-
cepted since than (Bage et al., 2000; Kolk, 1991; Romo et al., 1997; Rumsey et al, 1999; Tveit 
et al., 1990). When standard low doses (60 µg 1-24ACTH and 400 µg TRH) are administered 
for challenge, and ACTH-induced cortisol response and TRH-induced T4/T3 response are de-
termined simultaneously, the two methods do not interfere with each other (Kulcsár and 
Huszenicza, unpublished data). 
 
The pathophysiology of Gram-negative (endotoxin) mastitis 

 
Clinical cases of mastitis caused by GN pathogens (under farm conditions mostly by E. 

coli, but sometimes also by Klebsiella ssp., and other Enterobacteriacae) may load the udder 
with endotoxin (lipopolysaccharide, LPS) in severe form. This constituent of the bacterial cell 
membrane is liberated from killed GN bacteria (Persson et al., 1993; Persson-Waller, 1997). 
After phagocytes are activated against invading bacteria, they release products, such as com-
plement (C5a), IL-1, IL-6, IL-8 and TNFα. These products are mediators of inflammation, 
comprising pro-inflammatory cytokines such as IL-1 and TNFα (Persson et al., 1993), and 
chemo-attractans, such as IL-8 (Barber and Yang, 1998; Boudjellab et al., 1998; Schuster et 
al., 1997) and C5a (Persson et al., 1993; Schuster et al., 1997; Smits et al., 1998). In response 
to chemoattractants, PMN adhere to and migrate along the endothelial cell surface towards the 
site of infection. Migration of blood PMN between endothelial cells into the site of infection 
is dependent on the number of blood PMN and its migration capacity (Van Werven, 1999). 
Low number of blood PMN pre-challenge are also related to increased severity of experimen-
tal E. coli mastitis (Kremer et al., 1993b; Van Werven, 1999; Van Werven et al., 1997). With-
out an exposure to the chemoattractants, the interaction of adhesive molecules between leuko-
cytes and endothelial surface mediated by E- and P- selectin is weak, but the strong interac-
tion appears after exposure to the chemoattractants. Then integrins on leukocytes, like LFA-1 
(CD11a:CD18) and Mac-1 (CD11b:CD18), act on ICAM-1. In consequence, the leukocytes 
attach firmly to the endothelium and rolling is arrested. In the last step, leukocytes extrava-
sate, and then migrate through the tissue under the influence of the chemoattractant. This step 
is related to the expression of CD31 in leukocytes and endothelial cells. However, preinfec-
tion expression of CD11a and CD11b was not related to the severity of mastitis (Dosogne et 
al., 1997; Van Werven et al., 1997). The absence of this relation may be due to the increased 
expression of integrins after infection (Smits et al., 1998). The lack of appearance of chemo-
tactic and CD18- upregulating activities until 12 h after challenge indicated that delays in neu-
trophil recruitment result from an initial lack of bacterial recognition and inflammatory me-
diator production (Schuster et al., 1997). Therefore, the upregulation of integrin expression 
after infection is more closely related to the capacity of udder defense (Schuster et al., 1996). 
Some substances, for example cortisol, induce a decrease in the expression of CD18 receptors 
after experimental IMI, modulating the acute inflammatory response in mammary glands of 
lactating cows (Roets et al., 1999). 

Although the usual quantity of endotoxin absorbed form the udder to the blood stream is 
limited (if any), the above detailed inflammatory mediators and mainly the TNFα are known 
to be responsible for all the systemic consequences of this disease (Klassing, 1988). These 
systemic effects are thought to be the most obvious in the colostral phase (when the LPS-
neutralizing capacity of the udder epithelium is diminished) and / or in cows suffering from 

hepatic lipidosis (when the endotoxin detoxification of the liver is impaired) (Andersen et al., 
1996; Sandholm and Pyörälä, 1995a). Within the framework of the current study (1) in cases 
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caused by GN environmental pathogens (E. coli, and the sporadic forms of Klebsiella ssp., 
other Enterobacteriacae, and Pseudomonas aeruginosa), (2) in NDP mastitis, as well as (3) in 
those resulted from GP contagious (S. aureus) or environmental pathogens (Str. uberis, Str. 

dysgalactiae and fecal Streptococci ) the mastitis related endotoxin loading was considered to 
be confirmed, supposed or excluded, respectively. 

In all of our experiments the endocrine and metabolic alterations seen in cows with GN 
mastitis were close to our corresponding findings in mastitic cases with no detectable patho-
gens (NDP). In accordance with the literature (Sandholm and Pyörälä, 1995a) we think that at 
the beginning the overhelming part of these inflammatory processes was induced by intracys-
ternal GN (mainly E. coli) infections, but the original pathogens had been eliminated by the 
self-defense mechanisms of the udder before sampling. So due to this supposed endotoxin-
derived character of this process we pooled the data of cows with GN and NDP mastitis for 
the final evaluation.  
 
4.2.4.2. Interrelations between energy metabolism and mastitis 
 

Metabolic predisposition for mastitis caused by various pathogens 

 
In epidemiological studies hepatic lipidosis and ketosis were associated with an in-

creased risk of clinical mastitis and other coinciding complications (e.g. endometritis) of bac-
terial origin (Correa et al., 1993; Erb and Gröhn, 1998; Markusfeld, 1985, Oltanecu and Ek-
esbo, 1994; Schukken et al., 1988; Valde et al., 1997). Also the course of an experimentally 
induced E. coli mastitis was proved to be more severe in ketotic than in non-ketotic individu-
als (Kremer et al., 1993a). The effect of NEB and its consequences (hepatic lipidosis, hy-
perketonaemia) on incidence and course of mastitis can be explained by the impairments 
caused in antimicrobial self-defense mechanisms. The same decrease in host immunocompe-
tence may predispose the cow also for bacterial complications in uterine involution. In cows 
with bacterial complications in the postpartum period some defects in PMN functions were 
noticable even before parturition: Cai et al (1994) observed a prepartum decrease in super-
oxyde production activity by neutrophils from cows with metritis and in chemotaxis by neu-
trophils from cows with mastitis. These findings were considered to indicate possible prepar-
tum initiation of the functional defects and impaired neutrophil function as a possible predis-
posing factor. 

The nature of these hepatic lipidosis and hyperketonaemia related impairments are 
known from several model trials. In vitro studies proved that diminished phagocytic capacity 
of milk PMN granulocytes and macrophages incubated in acetone or BHB containing culture 
media (Klucinski et al., 1988a). BHB (but not AcAc) at concentrations seen in mild ketosis 
appeared to inhibit superoxyde anion release from ovine PMNs when submitted to specific 
and non-specific co-stimulation (Sartorelli et al., 2000). Bovine leukocytes were reported to 
show suppressed respiratory burst activity when cultured in the presence of BHB (Hoeben et 
al., 1997). In cows with severe hepatic lipidosis (liver triacyl glycerol content: ≥40 mg/g) the 
antibody-independent and -dependent cellular cytotoxicity of blood PMN was markedly re-
duced (Zerbe et al., 2000). The function of blood and milk lymphocytes in response to mito-

gens was also impaired in ketotic cows (Kandefer-Szerszen et al., 1992; Klucinski et al., 
1988b;  Sato et al., 1995; Targowski and Klucinski, 1983). Lymphocytes isolated from ketotic 
cows were found to produce lower amount of cytokines, such as interferons (Filar et al., 1992; 
Kandefer-Szerszen et al., 1992). So it was hypothesized that the generation of chemoattrac-
tants might be reduced in hyperketonaemic cows. BHB and AcAc added in culture media in-
duced inhibitory effects on the proliferation of bovine bone marrow cells (Hoeben et al., 
1999), and were reported to reduce bovine T-lymphocyte blastogenesis (Franklin et al., 1991). 
In vitro concentrations of ketone bodies, similar to those observed in mild or severe ketosis 
were reported to decrease chemotaxis and latex particle uptake in ovine PMN granulocytes 
(Sartorelli et al., 1999). The magnitude of leukocyte influx was dependent on the chemotactic 
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capacity of leukocytes. In vitro chemotactic differential and chemotactic index of blood PMN 
were higher in induced ketotic cows (Kremer et al., 1993a). Leucocytes from naturally occur-
ring ketotic cows had lower chemotactic differential than those from non-ketotic cows, and a 
chemotactic capacity indicated by a chemotactic differential was impaired when leucocytes 
migrated in an environment with ketone bodies in vitro (Suriyasathaporn et al, 1999). Inde-
pendently of chemotaxis, random migration of leukocytes from non-ketotic cows in cultures 
containing ketone bodies was significantly decreased, and this effect was also present a bit 
weaker, in leukocytes from ketotic cows (Suriyasathaporn et al., 1998). Random movement 
and production of superoxide anions by leukocytes require large amounts of energy, the ad-
verse effects of energy metabolism may be related to the impairment of leukocytes function in 
NEB cows. In addition AcAc and BHB at pathological concentrations in the culture may also 
interfere with the utilization of glucose for energy. In mouse models, AcAc or BHBA added 
to culture media were not utilized, as sources of energy by mouse macrophages (Newsholme 
et al., 1986, 1987). All these factors may be constituents of the temporary immunosuppressive 
status of ketotic animals. 

In Exp. 2 we wished to collect data on predictive values of certain plasma metabolites and 
metabolic hormones. For this purpose samples were taken on day 1-3 after calving and several 
parameters informing us on the current stage of NEB and/or liver function were determined. 
The cows affected by mastitis as a single disease or in combination with APE some days later 
in the early or late puerperium showed more elevated AcAc, BHB, NEFA and rT3, and lower 
IGF-I, T4 and T3 levels then those remained healthy during the first 4 weeks after calving. 
This tendency related to a more severe form of energy imbalance (Blum et al., 2000; Haraszti et 
al., 1982; Huszenicza et al., 1988; Kunz and Blum, 1985; Ronge et al., 1988;), and derived 
mainly from parameters of mastitic cows infected with GP and GN environmental pathogens 
or affected by NDP mastitis. However, just after calving data of those with S. aureus IMI 
were very close to their healthy herdmates. Calculating the odds ratio we could attribute a 
significant predictive value only to the elevation of BHB, but not to any others of NEB related 
changes in circulating levels of hormones and metabolites. This predictive value was highly 
significant for GN microbes, a bit less obvious for GP environmental pathogens and question-
able, if any for contagious pathogens. Based on these findings we suppose that in the early 
weeks of lactation hyperketonaemia, rather than NEB by itself can predispose cows for masti-
tis. The pathogen dependent character of this predisposition may be explained by differences 
in the mechanisms, through which the udder can prevent and/or eliminate various forms of 
microbial infections. We hypothesize that hyperketonaemia may depress mainly those com-
ponents of the antimicrobial self-defense, which are responsible for destruction of invading 
environmental pathogens entered passively into the cisternal system and/or into the lactiferous 
ducts. S. aureus, however, is able to colonize actively the teat apex, first of all in cases of 
epithelial injury. After adhesion these bacteria can adapt to the milk environment forming a 
mucopolysaccharide capsule to avoid phagocytosis. After penetration through the teat barrier 
into the cistern the invading pathogen is able to adhere to milk fat globules and can float up-
wards in the udder (Pyörälä, 1995a). In accordance with the literature (Pyörälä, 1995a; 
Zadoks et al., 2001) we think that several other factors [e.g. some kinds of lowered resistance: 
changes in environmental temperature, virus infections (bovine herpesvirus 4 and others), 
recovery from a preceding mastitis, other infected quarter(s) of the same cow, extremely cal-
lused teat ends, and epithelial erosions] rather than the hyperketonaemia related impairments 
in leukocyte function seem to be the primary factors predisposing the cow for S. aureus masti-
tis. The machine milking associated teat-end condition (callosity) may be also an important 
constituent of the predisposition also in case of environmental pathogens (Neijenhuis et al., 
2001). However, in the later group a protective effect is attributed to the presence of mono-
cytes and PMN granulocytes in the milk of the teat cistern, and also their functional capacity 
play a significant role in rapid elimination of invading pathogens, and so in diminishing the 
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clinical consequences of IMI (Beaudeau et al., 2002). These components of the self-defense 
mechanisms may be affected by hyperketonaemia in the early days of lactation.  

 
Metabolic changes after the mastitis outbreak 

 
In accordance with the above findings, in Exp. 3. we could also detect elevated BHB lev-

els in the first samples of cows with NDP+GN mastitis taken within some hours after the out-
break of clinical symptoms. The BHB dependent character of NDP+GN mastitis was obvious 
in the first four weeks after calving, but seemed to disappear later in the peak lactation. Dur-
ing the sampling period BHB levels started to decrease and reached the physiological range 
within hours. After intravenous administration of 2 µg/kg body weight LPS a similar reduc-
tion of circulating BHB level was also seen in non-lactating heifers (Steiger et al., 1999), 
which was thought to reflect an inhibition of hepatic ketogenesis rather than a reduction of 
ruminal ketone production due to reduced feed intake (Huhtanen et al., 1993). Under the con-
ditions of the current study the ketone reducing effect of these factors might be completed 
also by the metabolic consequences of the mastitis-induced sharp drop in milk production (not 
studied in this trial). Neither the present observations, nor the data of earlier model studies 
(Steiger et al., 1999) reveal whether an endotoxin-induced stimulation of ketone body utiliza-
tion (Memon et al, 1992) also contributes to the decrease in plasma BHB. 

Contrary to this continuously decreasing tendency in BHB, a temporary elevation of 
NEFA level was seen in cows with NDP+GN mastitis in the first some hours of the course, 
but not in those with GP mastitis. In cattle model studies a similar LPS- or TNFα-induced 
some-hour-long elevation was observed in the plasma levels of free fatty acids, which was 
completed coincidingly with a momentary reduction in triglyceride concentration, a biphasic 
growth of plasma glycerol, a dramatic increase in plasma lactate content, as well as with a 
temporary elevation followed by a significant reduction in blood glucose level (Kushibiki et 
al., 2000, 2001a and 2001b; Steiger et al., 1999). Endotoxin-induced severe disruptions in 
glucose homeostasis have been verified by several other studies in lab rodent and human 
models (Berczi, 1993), as well as in ruminants (Elsasser et al., 1996; Giri et al., 1990). In ac-
cordance with others (Elsasser et al., 1995, Sartin et al., 1998, Steiger et al., 1999) we think, 
that the NEFA increase observed also in the current study (Exp. 3) might be the catabolic con-
sequence of endotoxin induced endocrine changes (mainly of the temporary increase in serum 
levels of catecholamines and/or in degree of insulin resistance). 
 
4.2.4.3. The adrenocortical function of postpartum dairy cows and its interference with 
various forms of mastitis 

 

Glucocorticoid production 

 
Our knowledge on the macroscopic lesions of the bovine adrenal cortex is based mostly 

on abattoir studies. Hamir and Parry (1980) in Canada reported that under that conditions the 
different (malignant, benign) adrenocortical neoplasias take the second place behind palpebral 
carcinoma in the frequency order of bovine tumorous diseases: every 6.7 cases of 100 tumor-
ous diseases diagnosed in the slaughter houses, were localized in the adrenal cortex.  

It can be stated that the malfunctions of adrenal cortex in cattle with no obvious macro-
scopic alterations usually remaining hidden in abattoir examinations occur considerably more 
frequently than the adrenocortical neoplasia. Above all, the provisional decrease in cortisol 
responsiveness to a standard low-dose ACTH challenge (temporary hypocorticism) reported 
to occur around parturition and during the first few weeks after calving may be worth men-
tioning (Kolk, 1991). Although there have been several observations about its occurrence, we 
hardly know anything yet about its real prevalence rate, the (nutritional and other) factors af-
fecting its incidence and duration, and its pathological significance. Also, it is practically un-
known whether there is any relationship with the malfunctions of the thyroid gland and/or 
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pancreas (the impaired function of these latter two endocrine glands is also supposed to be 
relatively frequent phenomenon in this period) (Holtenius and Traven, 1990; Holtenius et al., 
1993, 1996; Hove, 1978; Kapp et al., 1979; Pethes et al., 1985).  

Simultaneously with some surgical interventions and obstetrical diseases (acute mastitis 
and metritis, retained placenta, prolapsed uterus, milk fever) higher glucocorticoid levels can 
be measured in the blood (Waage, 1984). This postpartum stress and the subsequent peak of 
cortisol level have a negative effect on pituitary responsiveness to GnRH stimulation during 
the first week (Torres et al, 1997a). In a study on postpartum cows, Torres et al. (1997b) 
found an association between elevated basal plasma cortisol concentration and abnormal pu-
erperium. These abnormal cows showed a higher rate in delayed uterine involution. Although 
the cortisol concentration is not influenced by subclinical mastitis (Paape et al., 1974). In 
some cases this rise in blood cortisol level is probably caused by nothing else but the endoge-
nous stress coinciding with these conditions (prolapsed uterus or milk fever). In other cases 
(acute mastitis accompanied by serious general symptoms, and perhaps also the acute putrid 
endometritis), however, it may be supposed that the endotoxin and some mediators of the in-
flammatory reaction absorbed from the site of lesion (udder, uterus) are responsible for the 
increase in the cortisol level. Among these mediators certain interleukins and the TNFα  are 
known to play a central role, which − when administered in appropriate doses − can, in itself, 
create nearly all of the symptoms of the so-called Gram negative toxic shock syndrome 
(Klassing, 1988). Cortisol and its potent analogs inhibit the transcription of IL-1β (Lee et al., 
1988), and can block increased concentrations of TNFα and reduce concentrations of solubile 
TNFα receptors and IL-1 receptor antagonist in a time-dependent manner (Barber et al., 1993, 
1995) in rodent and human models. So the LPS-induced cortisol increase can be considered as 
an important physiological self-defense reaction reminding to a specific ‘feedback-like’ 
mechanism in the down-regulation of TNFα (over)production, by means of which the organ-
ism tries to avoid the excessive − destructive to the organism itself − formation of this sub-
stance. It has been recently observed (Roets et al., 1999) that cortisol can induce a decrease in 
the expression of CD18 receptors after experimental IMI, modulating the acute inflammatory 
response in mammary glands of lactating cows. Reduced glucocorticoid receptor expression 
in blood neutrophils of periparturient dairy cows was associated with increased serum cortisol 
concentrations, leucocytosis, and neutrophilia. Thus, glucocorticoid receptor downregulation 
in neutrophils may be involved in periparturient neutrophil dysregulation and may cause in-
creased susceptibility to mastitis (Preisler et al., 2000). It is well-known that the general toxic 
effects of bacterial LPS depend on the amount entering the circulation and the clearance ca-
pacity of the organism (Bertók 1998). However, LPS is generally not absorbed from the mas-
titic udder into the blood circulation, the reaction being induced by cytokines such as IL-1 and 
-6 and TNFα (Jackson et al. 1990; Sandholm and Pyoräla 1995a). Experimental LPS admini-
stration induces TNFα production and glucocorticoid release within 1 h and 3 h respectively 
(Elsasser et al. 1995; McMahon et al., 1998, Steiger et al., 1999). In one of our earlier model 
studies we could confirm this phenomenon also after intramammary administration of en-
dotoxin (Hirvonen et al., 1999). In cattle with normal adrenocortical responsiveness, the in-
crease in plasma cortisol level starts already a few minutes after the beginning of the endoxin 
effect, it reaches a peak concentration after 3-4 hours and does not last longer (except for 

fatal cases) than 24 hours. During this time, however, the plasma level of endotoxin stimu-
lated acute phase reactants including the TNFα dropped to basal level (Dickson, 1990; Hardie 
and Kruse-Elliot, 1990; Hirvonen et al., 1999; McMahon et al., 1998; Sandholm., 1995b; 
Schuster and Harmon, 1992; Sordillo and Peel, 1992; Steiger et al., 1999). Endoxin-induced 
increase in the cortisol level can be achieved by the activation of the hypothalamus-anterior 
pituitary axis [in a corticotrop releasing hormone (CRH)- and ACTH-dependent way] and 
also independently of this system (Elenkov et al., 1992; Rivier and Rivest, 1991;). The latter 
possibility was also proved in ruminants not a long time ago (Bosu et al., 1995): it has become 
known recently that the steroid production of adrenal cortex can also increase independently 
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of the CRH+ACTH system, through the direct mediation of bacterial endotoxin and/or the 
subsequent release of these mediator substances. Thus temporary increase can be observed not 
only in the plasma level of cortisol, but, in severe cases, also that of other steroids (e.g. pro-
gesterone).  

Among others the temporary hypocorticism may supposedly have pathological impor-
tance in the development, severity and/or course of certain endoxin-mediated diseases (in-
cluding the E. coli / coliform mastitis and perhaps also the APE) occurring in the early weeks 
of lactation. However, up to now the question of its real involvement in the pathogenesis of 
these diseases has remained still unanswered. About 23 % of the cows in Exp. 2 showed < 
40.00 nmol/l (e.g. lower than the mean - SD of symptomless, normoketonaemic cows; n=199) 
cortisol response to the ACTH challenge. After Kolk (1991) this low response was considered 
as a sign confirming temporary hypocorticism. At the time of challenge all of the cows were 
healthy, and neither the baseline level of cortisol, nor the degree of ACTH-induced cortisol 
response predisposed them for mastitis. However, if hypocorticoid cows were affected by GN 
or NDP mastitis in the first 14 days after calving, they showed more severe clinical symptoms 
and had higher risk for a fatal course, than their normocorticoid counterparts. These observa-
tions are in complete agreement with earlier experiences obtained in lab rodents and in the 
human medicine (Berczi, 1993): Adrenalectomized mice showed an extreme sensitivity to the 
lethal effect of experimental LPS challenge, and responded with an exaggerated TNFα pro-
duction. High rate of human patients with severe GN septicaemia and not responding ade-
quately to standard therapy were also reported to have adrenocortical insufficiency. 

 
In accordance with one of our earlier findings in a model study (Hirvonen et al., 1999) we 

could also detect the LPS-induced cortisol increase in Exp. 1, 3 and 4 of the current trial. In 
Exp. 1 all six cows with identified GN mastitis showed elevated cortisol concentrations (>10 
nmol/l; results not shown) at some time during the infection, whereas values were below this 
level at all times in the five healthy cows and those with mastitis caused by GP pathogens. 
Increased cortisol concentrations were associated with low T4 concentrations independently of 
the relationship between T4 and T3 or IGF-I. At the beginning of the sampling process ele-
vated levels of cortisol were seen in cows with NDP+GN mastitis in Exp. 3 and 4, as well. 
According to the design of these studies the first samples taken at 14.00 h represented the first 
about 7-14 h of the clinical course. In Exp. 3 less increased, but still high group mean of corti-
sol concentrations were detected 6 h later (e.g. at the 13-20th h of the course). However, the 
standard deviation was high. Then the plasma level of cortisol returned to the physiological 
range. In complete agreement with these experiences in model studies the cortisol in plasma 
started to increase a few minutes after the endotoxin challenge, it reached its peak concentra-
tion after 3-4 h, and its duration did not exceed 24 h (Dickson, 1990; Hardie and Kruse-Elliot, 
1990; Hirvonen et al., 1999; McMahon et al., 1998; Schuster and Harmon, 1992; Sordillo and 
Peel, 1992; Steiger et al., 1999). However, the fatal cases showed the most pronounced, about 
≥24 h-long cortisol increase in these cited model studies, but not in our cases: in the 3 cows 
died in Exp. 3. no cortisol increase was detected at all. Comparing the experimental animals 
low-yielding late-lactation individuals were involved in the various model studies cited, but 
all 3 cases died in Exp. 3 were in the earliest few days after calving. In accordance with find-
ings of Kolk (1991) our cows in Exp. 4 showed significantly lower ACTH-induced cortisol 
response in the early puerperium, than in the later stages of lactation. The two cows died of E. 

coli and NDP mastitis could hardly response to the ACTH challenge. The clinical outbreak of 
mastitis was diagnosed in both of them also in the early puerperium. In cows with NDP+GN 
mastitis in the early puerperal phase the ACTH challenged cortisol increment inversely re-
lated to the severity of clinical symptoms.  

We think, these experiences confirmed the regulatory role of physiological cortisol re-
sponse in production and release of certain interleukins and TNFα in GN mastitis, emphasiz-
ing the clinical importance of temporary hypocorticism in postpartum dairy cows. So beside 
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the glucocorticoid receptor down-regulation in neutrophil granulocytes (Preisler et al., 2000), 
it may be the other alternative how the glucocorticoids may relate to pathogenesis of mastitis. 
 
Progesterone, as a side product of forced cortisol synthesis 

 

In Exp. 3, simultaneously with the LPS-induced cortisol elevation also a slight, temporary 
progesterone (P4) increase was seen in cows with NDP+GN mastitis, maintaining the supra-
physiological plasma concentration of this hormone for some hours only. This temporary P4 
increment was detectable only when no active corpus luteum was present on the ovary, and it 
was considered to be of adrenal origin as a side product of the LPS-forced cortisol synthesis. 
A similar temporary P4 increase was reported to occur also in ovariectomized heifers after a 
standard low-dose ACTH challenge (Bage et al. 2000), and this finding was concluded that a 
sustained adrenal stimulation associated with environmental or social stress could be one of 
the factors in repeat breeding syndrome. Our observation in mastitic cows completes the list 
of these factors with the endotoxin (GN+NDP) mastitis.  
 
4.2.4.4. The thyroid function of postpartum dairy cows and its mastitis related altera-
tions  
 

Thyroid hormones are important regulators of homeostasis including the energy and pro-
tein metabolism. T4, the predominant product of the thyroid gland may undergo extrathyroidal 
enzymatic activation (e.g. outer-ring deiodination) by 5’-deiodinase (5’D) producing T3, or 
inactivation (e.g. inner-ring deiodination) by 5-deiodinase (5D) producing rT3. All three thy-
roid hormones are present in the circulation, however inherent physiological effects are attrib-
uted only to T3 (Dickson, 1990; Leonard and Visser, 1986). The positive correlation between 
circulating thyroid hormone concentrations and energy balance is well-known in many spe-
cies including cattle (Capuco et al., 2001; Cassar-Malek et al., 2001; Janan et al., 1995; Kunz 
and Blum 1985; Pethes et al. 1985; Ronge et al., 1988). It is probable that alterations in 
plasma levels of T4 primarily reflect changes in thyroid secretion rate (Riis and Madsen 
1985), as well as the balance of T4 activation and inactivation associated with the energy me-
tabolism (Pethes et al. 1985; Capuco et al., 2001; Cassar-Malek et al., 2001). Peripheral T3 
concentrations are influenced mainly by extrathyroidal 5’D activity. Because T3 is a potent 
regulator of energy and protein metabolism, the extrathyoidal activity of 5’D (and perhaps 
also of 5D) is an important control point for regulating the metabolic status (Kaplan, 1986). In 
cow, the highly efficient type II 5’D dominates in the mammary gland enabling T3 production 
in support of lactation to proceed at the expense of other tissues, such as the liver, where type 
I 5’D prevails (Ślebodziński et al. 1999). In cattle plasma levels of thyroid hormones may be 
altered also by other nutrition- and metabolism-related factors, such as selenium and/or iodine 
deficiency / supplementation (Awadeh et al., 1998; Wichtel et al., 1996), growth hormone 
releasing factor and somatotropin administration (Kahl et al., 1995), providing fat- or starch-
enriched diet (Blum et al., 2000; Bunting et al., 1996; Romo et al., 1997), and feed contami-
nants, for instance goitrogens (Bernal et al., 1999; Gennano-Soffietti et al., 1988; Thrift et al., 
1999) and certain ergot like alkaloids produced by endophyte fungi (Neotyphodium coeno-

phialum) of tall fescue (Festuca arundinacea; known as an existing form on feed contamina-
tion only in North America) (Browning et al., 1998 and 2000; Hurley et al, 1981).  

In accordance with the nutritional and metabolic influences in late-pregnant, dry cows 
relatively high concentrations of thyroid hormones were detected, followed by a significant 
decrease in the periparturient period. Blood levels of T4 were found to be lower in the earliest 
days of lactation than in late lactation (Kesler et al., 1981; Pethes et al., 1985; Tiiras, 1997). 
Plasma concentrations of both T3 and rT3 were in their nadir in these day, possibly owing to 
increased metabolic clearance of thyroid hormones in peripheral tissues and/or to suppressed 
secretory capacity of the thyroid gland. Supporting this idea the TRH-induced T4 and T3 re-
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sponses were also less pronounced in the 2nd week of lactation than before calving, or 3 
months postpartum (Tveit et al., 1990). 

TNFα is reported to decrease 5’D activity in peripheral tissues during starvation, as well 
as in low T3 syndrome (see below) (Pang et al., 1989), and may play a regulatory role in many 
other physiological states (Bartalena et al., 1998). A number of infectious and inflammatory 
diseases are associated with profound changes in thyroid status in mammals including domes-
tic animals (Lohuis et al., 1988). This so-called euthyroid sick syndrome (syn.: low T3 syn-

drome) is observed during systemic non-thyroidal illnesses, and consists of a decrease in 
plasma concentration of T3, an increase in rT3 level and, in severe cases, a decrease in T4 and 
thyrotropin (TSH) concentrations. Most of these changes are caused by a lower T3 production 
rate and a decreased rT3 clearance rate due to the diminished extrathyroidal 5’D activity 
(Wartofsky and Burman, 1982). During the inflammatory process some of the citokynes 
(TNFα, IL-1) are important mediators of changes in thyroid status (e.g. inhibition of TSH 
release from pituitary cells and decreased activity of type-I 5’D in thyroid and liver tissue) 
(Haastaren et al., 1994; Hashimoto et al., 1995; Pang et al., 1989). Endotoxin exposition is a 
strong stimulus for cytokine release, reducing the production and circulating level of T4 and 
inhibiting the T4 deiodination to T3 in many species, including lab rodents, humans and also 
ruminants (Bartalena et al., 1998; Berczi, 1993;  Bertók 1998; Kahl et al. 2000; Lohuis et al., 
1988; Nagy et al., 1983). As reviewed by Bartalena et al. (1998) almost all steps of thyroid 
hormone synthesis, secretion and peripheral metabolism may be negatively influenced by this 
endotoxin-induced cytokine release. In rats the shock-inducing dose of endotoxin inhibited 
the TSH-challenged T4 response, due to the membrane damaging effect of LPS (Nagy et al., 
1983). However, up to now similar studies have not been carried out yet in ruminants. 

In Exp. 3 and 4 the thyroid gland function and T4/T3 metabolism of our high-yielding 
postpartum dairy cows were subjected to mastitis-induced natural release of cytokines. This 
cytokine loading might have been the most intensive in the severe forms of NDP+GN masti-
tis, and as in the model study of Kahl et al. (2000), it was capable of inducing a significant 
decrease in plasma levels of both the T4 and T3 (in Exp. 3), and diminished also the TRH-
challenged T4 and T3 increase (in Exp. 4). These mastitis related changes were more obvious 
in more advanced stages of the course (in Exp. 3), were more pronounced in the early puer-
perium than in the late puerperium or during the peak lactation (both in Exp. 3 and 4), and 
were extremely dramatic in the few cases died of mastitis soon after sampling. This latter ob-
servation is comparable to the earlier findings in rats treated with shock-inducing dose of en-
dotoxin (Nagy et al., 1983). Contrary to the experiences in cows with NDP+GN mastitis, only 
mild or no mastitis-induced alterations were detected in animals affected by GP mastitis.  

In Exp. 4 also the rT3 concentrations were determined in the pre-challenge (t0) samples 
taken in the first about 7-14 h of the clinical course. The rT3 levels of healthy animals were in 
about the same range as in the literature (Pethes et al., 1985; Tiiras, 1997), but contrary to 
these finding in our study the cows sampled in the early puerperium showed more elevated 
concentrations than those sampled later. This discrepancy might be explained with the differ-
ences in milk production: In their previous lactation the cows of these cited studies produced 
about 5000-5500 kg milk in average, however, all of our experimental animals yielded more 
than 6500 kg (the mean varied between 7500 and 8100 in the different experiments). Compar-
ing to the corresponding data of healthy ones, as well as of those with GP mastitis, the cows 
with NDP+GN mastitis were characterized by significantly more elevated rT3 levels. These –
supposedly endotoxin mediated – differences derived from the data of the most severe cases. 
This observation reveals that due to a mastitis related endotoxin loading in cows not only the 
5’D-dependent activation of T4 to T3 may be impaired (Kahl et al. 2000), but also the capacity 
of its 5D-catalyzed inactivating pathway to rT3 can be increased: this may be a significant 
contribution for the LPS-induced decrease of T4 in plasma. 

In Exp. 1 after a short peri-parturient depression the mean T4 concentration had returned 
to the initial value within 5 days postpartum in the group of cows without mastitis but not in 
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the E. coli infected group. Very low thyroid hormone concentration was detected in three 
cows (T3 – 0.35 nmol/l and T4 – 8.5, 10.9 and 12.5 nmol/l) already before calving, which was 
followed by the mastitis outbreak only some hours or days after delivery. The low prepartum 
T4 levels in the cows which later exhibited supposed or proved forms of GN mastitis may 
indicate either that cows with low T4 status were more susceptible to infection by GN organ-
isms or that the endotoxin-released products were already acting on the thyroid gland before 
clinical mastitis was evident. This latter version seems to be quite improbable in the light of 
findings in Exp. 2, where we could detect low T4 and T3 levels on day 1 to 3 after calving in 
cows affected by mastitis some days or 1 to 4 weeks later only. In the first few days of the 
lactation these low thyroid hormone levels may associate mainly with the presence and degree 
of NEB (Capuco et al., 2001; Cassar-Malek et al., 2001; Janan et al., 1995; Kunz and Blum 
1985; Pethes et al. 1985; Ronge et al., 1988). We think, the immunosuppressive consequences 
of decompensated NEB, rather than the low plasma levels of T4 and T3 by themselves predis-
posed our cows for mastitis in Exp. 1 and 2. 
 
4.2.4.5. Functional characteristics of growth hormone (GH), insulin-like growth factors 
(IGFs) and insulin in dairy cows and their mastitis related alterations 
 

GH and IGFs are known as generally anabolic hormones that act to regulate whole body 
growth, metabolic tissue responses and cellular survival. They have also been implicated in 
the regulation and functioning of the immune system. GH has direct effects on cell growth 
and differentiation, but many of its growth-promoting actions are also via the stimulation of 
IGF-I synthesis and secretion, notably from the liver. GH acts to stimulate productive proc-
esses such as growth and milk synthesis and promote homeorhetic adaptations to provide nu-
trients for these processes (Dickson, 1990; Mol and Rijnberk, 1997). 

  
IGF-I (also known as somatomedin-C) was originally thought to be only an exclusive 

mediator or second messenger of GH (Salmon & Daughaday, 1957). GH is undoubtedly the 
prime regulator of IGF-I production by the liver but nutrition also has a substantial influence 
on production and plasma level of IGF-I. IGF-I is produced in most tissues and acts in an 
autocrine, paracrine or endocrine manner through the type 1 IGF receptor (IGF-IR), or to a 
lesser extent, the insulin receptor. IGF-I is secreted as it is produced and the highest concen-
trations are found in the blood (Thissen et al., 1994). The actions of IGF-I in regulating post-
natal growth and protein, carbohydrate and bone metabolism are either enhanced or inhibited 
by at least 6 different soluble high-affinity binding proteins (IGFBPs 1-6) circulating in the 
blood (Rajaram et al., 1997; Russell-Jones and Umpleby, 1996; Skaar et al. 1991; Vega et al. 
1991).  

Insulin and IGF-I have similar metabolic effects: they cause cellular hypertrophy (in-
crease in size) but despite this functional overlap there are different consequences to their 
action (McCusker, 1998). Insulin-induced hypertrophy acts as a means to increase nutrient 
stores and occurs relatively acutely. The prolonged effect of IGF is important for cell survival, 
hyperplasia (increase in number) and subsequent differentiation.  

However, metabolic responses (inducible by insulin or IGF-I) need to be curtailed when 
nutrients are limited or environmental stressors are acting on the organism. Insulin-induced 
effects are acute and reversible, an adaptation presumably evolved due to episodic feeding 
and hence more likely to be important for the rapid regulation of metabolism (Ronge et al., 
1988). Insulin increases rapidly postprandially in response to elevated glucose concentrations 
but is quickly removed from the circulation as nutrient uptake occurs rapidly. Insulin concen-
trations are typically within the picomolar range and the hormone demonstrates no binding 
affinity with IGFBPs thus freely circulates. IGF-I concentrations do not fluctuate with feeding 
activity or diurnally (Ronge et al., 1988). Actions resulting from IGF-I stimulation, i.e. mito-
sis or differentiation, require anything from 6 hours to several days to complete (McCusker, 
1998). Thus IGF-I concentrations must be maintained for such events to be completed. This is 



 62 

partly achieved by the IGFBPs that help to maintain a pool of IGF in the circulation (Hossner 
et al., 1997). IGF concentrations tend to be higher than those of insulin, within the nanomolar 
range and the ligands are “unavailable” for interaction with their receptors whilst bound to 
IGFBPs.  
The regulation and function of IGFBPs has recently been reviewed by Rajaram et al. (1997). 
IGFBP-1 is the only IGFBP known to be subject to diurnal variation, it is nutrient sensitive 
and concentrations in blood can change rapidly (increase with fasting but decrease to basal 
within 2 hours of re-feeding (Rajaram et al. 1997).  

In dairy cows the serum levels of insulin and IGF-1 were reported to relate inversely to 
energy and protein supply (Ronge et al., 1988). The levels of energy were more important 
than protein in influencing the postpartum concentrations of IGF-I and insulin in this study. 
However, the energy and protein balances of the cows are strongly correlated, making it diffi-
cult to separate their individual effects. It may be that interactions in the rumen make it more 
difficult to demonstrate specific effects of energy or protein on IGF-I concentrations com-
pared with non-ruminant animals (McGuire et al., 1992 and 1995a). Low protein diets in cows 
were associated with reduced IGF-I by VandeHaar et al. (1999). The source of the protein is 
important as essential amino acids had a positive effect on IGF-I concentrations and nitrogen 
balance (T'hissen et al., 1994). Circulating insulin concentrations are a stimulus for IGF-I 
production (McGuire et al., 1995b) but are reduced when dietary protein is restricted (Fliesen, 
1989). When conditions are optimal for IGF-I production, increases are restrained to a greater 
degree than are decreases induced by suboptimal conditions (Forbes et al., 1989). The addi-
tion of bovine GH may have beneficial effects in increasing IGF-I concentrations; however it 
is likely that it will have detrimental effects on an animal's ability to gain body-weight and 
body condition score, especially in lactation.  

In the light of the above studies the insulin and IGF-I levels of our cows in Exp. 2 re-
flected the energy plus protein (but mainly the energy) balance, and the low day 1-3 level of 
IGF-I in cows showing mastitis some days later confirm only the higher susceptibility of these 
individuals to intramammary infection caused by environmental pathogens in the early weeks 
of lactation.  

On the other hand the GH/IGF axis was reported to interrelate closely with also the thy-
roid function (Hoshino et al. 1991, Svanberg et al. 2001). Thus, thyroid hormone status may 
influence feed intake, which subsequently affects IGF-I levels, and may modify IGF-I con-
centrations through effects on GH secretion or receptor levels. On the other hand, administra-
tion of GH to lactating cows increased the activity of mammary 5’D twofold (Capuco et al. 
1989), thus enhancing the metabolic priority of the udder (Kahl et al. 1995). Significant inde-
pendent associations of serum T4 with T3 and IGF-I levels during the puerperium were found 
in two experiments involving 60 healthy cows (Nikolić et al. 2001b). This relationship oc-
curred again in Exp. 1 and 2 of the present study. However, IGF-II concentrations emerged as 
the significant second factor postpartum. This implies that bacterial infection may lead to al-
terations in the predominant pathways of interaction between different hormonal axes. 

 
GH potentiates the biological activity of endotoxin in the rat (Liao et al., 1997); bacterial 

endotoxin rapidly reduces blood IGF-I concentrations, which may affect gut barrier function, 
allowing increased bacterial translocation. In lab rodent and human models insulin is usually 
elevated in endotoxaemia and GN infection and may be either elevated or decreased during 
the acute phase response. Glucagon is always elevated, usually in proportion to the severity of 
condition. Insulin has an influence on the production of cytokines such as IL-6 and TNFα, 
and in turn cytokines (IL-1, TNFα) regulate the pancreatic insulin production and release. 
Septic patients did not respond to standard dose treatment with human GH by elevated serum 
levels of IGF-I, whereas normal individuals did. However, the role of these hormones is sup-
posed to be more important in the metabolic response to infection than in the direct regulation 
of cytokines (Berczi, 1993).  
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It is widely accepted nowadays that the endotoxin-induced changes of both the GH-IGF-I 
axis and insulin participate in the shift of the metabolism towards catabolic events also in ru-
minants including the postpartum dairy cows. In young and growing calves, in heifers and 
steers, as well as in a sheep model the experimental intravenous administration of LPS was 
followed by a significant but only transient increase in insulin level (coincidingly with the 
cortisol and TNFα elevation), a less obvious growth (in 1-week old calves: a slight reduction) 
in the circulating GH concentration, and a slower, but marked and relatively long-lasting de-
crease in IGF-I and IGFBP-2 concentrations (Briard et al, 2000; Elsasser et al., 1995; Kenison 
et al, 1991; Kinsbergen et al, 1994; McMahon et al, 1998; Steiger et al., 1999). After a tempo-
rary hyperglycaemia decreased glucose levels and insulin resistance were observed 6 and 24 h 
after the LPS challenge (McMahon et al, 1998). A simultaneous decrease in IGF-I and a mod-
erate elevation in IGFBP-1 plasma levels contrasted with the increase in GH secretion suggest 
that the endotoxin loading causes also a state of resistance to GH, which is exacerbated by a 
simultaneous reduction in IGF-I bioaviability (Briard et al, 2000). Similar changes in glucose 
and insulin levels, as well as in insulin resistance were induced also by intravenous admini-
stration of TNFα (Kushibiki et al., 2000, 2001a and 2001b). 

This temporary elevation in plasma insulin was usually observed also in the first 2-3 
samples of our cases with NDP+GN mastitis in Exp. 3. In complete agreement with the find-
ings of model studies the IGF-I level was still almost unaffected at the time of this insulin 
elevation, and started to decrease continuously thereafter. Similar changes in insulin and IGF-
I were seen almost never in cows with GP mastitis. 

  
4.2.5. CONCLUSION. IMPLICATIONS 
 

Taking all these experiences into account, we think that the presented results widened 
significantly our knowledge on factors influencing the incidence and course of bovine mastitis 
occurring under herd conditions in early weeks of lactation.  

The results of Exp. 1 verify that the act of parturition in cows is accompanied by marked 
changes not only in circulating levels of sexual hormones (progesterone, estrogens) and corti-
sol, but also in some other endocrine factors involved in the homeostatic and/or homeorhetic 
regulation of energy and protein metabolism. The general trends, such as the continuous and 
final decline in plasma progesterone concentration, the peak in plasma cortisol and trough in 
insulin concentrations at the onset of parturition, as well as a significant periparturient reduc-
tion in thyroid hormone (T4 and T3) and IGF-I levels confirmed earlier observations 
(Hydbring et al. 1999; Schams et al. 1991; Skaar et al. 1991; Stabenfeldt and Edqvist, 1990; 
Vega et al. 1991). However, in the current data set there were great differences between the 
individual, at least partly due to the various (mainly GN) forms of mastitis.  

Parameters informing on functional characteristics of monocytes and PMN neutrophil 
granulocytes were not determined in this study, so the conclusive value of our findings in Exp. 

2. is limited only. However, according to the clear tendencies in our experiences we think, 
that the high incidence of mastitis caused by environmental pathogens in early weeks of lacta-
tion may be the consequence of the NEB-induced decrease in host’s cellular immuncompe-
tence. The ketone body (BHB) elevation in the first few days after calving may be one of the 
crucial factors of this metabolic susceptibility. The same impairments in antimicrobial self-
defense mechanisms may predispose the cows also for coinciding bacterial complications in 
uterine involution (acute putrid endometritis). On the other hand, contrary to our expectation 
under our conditions no metabolic inclination was confirmed for new cases of mastitis caused 
by contagious pathogens (S. aureus in this study), perhaps due to the differences in patho-
genesis of these two main forms of mastitis. 

Our observations in Exp. 2, 3 and 4 could clearly demonstrate the involvement of cortisol, 
as well as of the functional capacity of adrenocortex in the pathogenesis of GN mastitis. In 
complete agreement with experiences obtained in septic patients in the human medicine (Ber-
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czi, 1993) the grade of endotoxin-induced cortisol response seems to be a critical step in 
pathogenesis: the peak level of cortisol should reach a threshold for triggering the effective 
down-regulation of further citokyne (first of all TNFα) production and release. This mecha-
nism is known to be crucial in prevention of TNFα overproduction (and so in avoidance of 
life-threatening exacerbation; reviewed by Sandholm, 1995b), and based on our current data it 
appears to be one of the rate-limiting factors influencing the course of GN (endotoxin) masti-
tis in certain cows in the earliest weeks of lactation. These findings justify the clinical impor-
tance of anti-inflammatory therapy in mastitic cows showing severe general symptoms of this 
disease. (It means usually the systemic administration of non-steroidal anti-inflammatory 
drugs and antihistamins, but also the systemic use of glucocorticoids in the life-threatening 
cases). Further studies are needed, however, to identify the reason of lower than normal corti-
sol responsiveness of certain cows in the immediate postpartum period. 

Although the induced peak concentrations of cortisol, insulin and NEFA were not so 
high, and also the individual variation was quite pronounced in all the hormone and metabo-
lite levels due to the relatively less standardized field conditions (e.g. individual differences in 
mass of endotoxin released, as well as in the time of clinical outbreak before sampling), dur-
ing the clinical course we could detect the same tendencies in changes of plasma cortisol, T4, 
T3, IGF-I, insulin, BHB and NEFA levels of cows affected by natural outbreak of NDP and 
GN mastitis (Exp. 3), as seen in model studies after an experimental LPS challenge. The 
TRH-challenged T4 and T3 response was also reduced in NDP and GN mastitis (Exp. 4). In 
both the Exp. 3 and 4 the most obvious endocrine and metabolic alterations were found in the 
early puerperal phase, and in cows with the most severe forms of NDP and GN mastitis. 
These changes were extremely dramatic in cases died of NDP or GN mastitis soon after sam-
pling (although the standard dose TRH challenge was capable of inducing certain T4 and T3 
increment even in these fatal cases), so we think they certainly have relevance in pathogene-
sis, as well as in regulation of the course. No similar mastitis related changes were seen, how-
ever, in case of GP intramammary infections.  

From physiological point of view it is remarkable, that in cows with endotoxin (NDP or 
GN) mastitis not only the 5’D-dependent activation of T4 to T3 may be impaired (as demon-
strated by Kahl et al. 2000), but also the capacity of its 5D-catalyzed inactivating pathway to 
rT3 can be increased (Exp. 4).  

Although the final improvement of this phenomenon requires further studies, these en-
dotoxin related endocrine and metabolic alterations are supposed to impair also the ovarian 
function and reproductive performance [as reported in preliminary form by Huszenicza et al. 
(1998), as well as based on data of their model studies also by Hockett et al. (2000), Oliver et 
al. (2000), and Suzuki et al. (2001)]. So it may be justified to exclude the mastitic cows (or at 
least of those with sever general symptoms) from trials studying the endocrine, metabolic and 
reproductive effects of certain feeding technologies and/or treatment procedures. 
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5. CHAPTER 2 
 
 
 
 
 

DRYING OFF THERAPY IN THE CONTROL  
OF BOVINE MASTITIS 
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5.1. THE USE OF THE DRY COW THERAPY IN THE 
CONTROL OF BOVINE MASTITIS: A REVIEW  

 
5.1.1. DRYING OFF AND THE ROLE OF NONLACTATING PERIOD 
 
The nonlactating “dry” phase of the dairy cow is a specific period between two active lactat-
ing phases when the mammary gland changes dinamically both in structure and function. 
Benefits derived from a dry period involve more than improvements in the cow’s nutritional 
status for the forthcoming lactation. Several studies (Akers and Nickerson, 1983; Nickerson 
and Akers, 1983; Sordillo et al., 1984a; Sordillo et al., 1984b) have shown that adequate pro-
liferation and differentiation of the mammary secretory epithelium during nonlactating period 
were essential for optimal synthetic and secretory functions in the ensuing lactation of cows. 
Coppock et al. (1974) found that dairy cows with 10- to 40-days nonlactating periods pro-
duced significantly less milk in the subsequent lactation than cows with a 40- to 60 day 
nonlactating period. Smith and Todhunter (1982) suggested three distinct stages during the 
nonlactating period: 1) period of active involution that begins with cessation of milking, 2) 
period of steady state involution that represents the time when mammary glands are fully in-
voluted, 3) period of colostrum formation and the initiation of lactation. Based upon observed 
changes in bovine mammary tissue and secretion composition, the process of active involu-
tion is most likely completed by 21 days after drying off. This period is associated with an 
abrupt cessation of milk removal, engorgement of cisternal spaces, ducts, and alveoli with 
milk constituents, marked changes in mammary secretion composition, and regression of sec-
retory tissue. The duration of steady state involution depends on the length of the nonlactating 
interval. Smith and Todhunter (1982) indicated that a minimal length of steady state involu-
tion may result in a decreased hormonally medicated lactogenic response which could be re-
lated to suboptimal production in the following lactation in cows with nonlactating periods of 
shorter than 40 days. Near parturition, mammary glands again undergo marked transition 
characterized by rapid differentiation of secretory tissue, intense growth, copious synthesis 
and secretion of proteins, fat, and carbohydrates, and accumulation of colostrum (Oliver and 
Sordillo, 1988). The greatest increase in mammary DNA content of heifers occured in the last 
trimester of pregnancy (Swanson and Poffenbarger, 1979). Morphogenesis of secretory capa-
bility in bovine mammary glands also became evident during the last few weeks of gestation 
(Sordillo and Nickerson, 1988). 
A classic study by Neave et al., (1950) demonstrated that mammary glands were markedly 
susceptible to new intramammary infections (IMI) during the early dry period. After cessation 
of milking several important changes may affect susceptibility of mammary glands to new 
IMI: 1) the flushing effect of milking on bacteria colonizing the teat canal is terminated, 2) 
increased intramammary pressure that may cause leakage of milk and facilitate bacterial pene-
tration of the streak canal, 3) the defence mechanisms of the mammary gland are at low level 
during early involution: low numbers of polymorphonuclear neutrophils, macrophages, and 
lymphocytes, and low concentrations of lactoferrin and immunoglobulines (Oliver and Sor-
dillo, 1989). New infections in the dry period are important for several reasons. During the 1st 
month of lactation, a quarter newly infected in the dry period will sustain a production loss 
equal to that of a quarter that retains an established infection throughout the dry period (Smith 
et al., 1968). If the infection persists throughout lactation, proportional production loss would 
be expected to continue. In addition, at least in herds with a low prevalence of (chronic) infec-
tion, most clinical mastitis cases in early lactation are the result of new dry period infections 
(Eberhart and Buckalew, 1977). 
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5.1.2. AIMS OF THE DRY COW THERAPY 
 

As it is general in the bovine medicine, dry cow therapy is an intramammary treatment of ud-
der with antibiotics administered at the end of the lactation. Antibiotic treatment at drying off 
aims at both eliminating the existing IMI and preventing new infections (Neave et. al., 1966). 
During the dry period, elimination of the infection with antibiotics is more likely than during 
lactation so that the drug is not milked out, and a higher and more uniform concentration of 
antibiotics is maintained in the udder. In addition, there are no economical losses due to dis-
carding of antibiotic containing milk (Sandholm and Pyörälä, 1995b).  
Experimental evidence suggests that dry cow therapy is effective in controlling IMI due to 
Streptococcus agalactiae and somewhat effective against Staphylococcus aureus (Bramley 
and Dodd, 1984; Dodd, 1983; Eberhart and Buckalew, 1972; Natzke, 1971, 1981; Natzke et 
al., 1972; Philpot, 1979; Sinkevich et al., 1974; Ziv et al., 1981). Exposure of mammary gland 
to these contagious pathogens during the dry period is most likely reduced in the absence of 
regular milking so that therapy at drying off tends to control these pathogens effectively 
(Oliver and Sordillo, 1988). However, some studies showed that contagious pathogens, espe-
cially S. aureus, are likely to establish new infections after drying off in those herds where 
they are prevalent (Eberhart and Buckalew, 1972; Neave et al., 1950; Pankey et al., 1982; 
Postle and Natzke, 1974; Smith et al., 1966; Smith et al., 1967; Ziv et al., 1981). Neave and 
Oliver (1962) reported that S. aureus could often be isolated from the teat skin after the last 
milking of lactation, but not from uninfected quarters 28 days later. This suggests that expo-
sure to contagious pathogens is concentrated at the beginning of the dry period but becomes 
less intense as the dry period progresses. However, elimination of S. aureus by therapy is less 
successful than that of streptococci (Natzke, 1971; Sandholm and Pyörälä, 1995b ; Smith et 
al., 1967; Ziv et al., 1981;). 
Coliform bacteria and streptococci other than Strep. agalactiae, which includes primarily 
Strep. dysgalactiae and Strep. uberis (but sometimes also Enterococcus faecalis and other 
species of fecal streptococci) are ubiquitous in the cow’s environment. Consequently, mam-
mary glands are exposed continuously to environmental mastitis pathogens throughout the dry 
period, especially in herds in total confinement housing. Schukken et al. (1993b) found, that 
in low somatic cell count herd the administration of antibiotics at drying off resulted in lower 
clinical mastitis incidence in the dry period (10 cases for untreated vs. 1 case for treated quar-
ters). The quarters infused with antibiotics had  a reduction of minor mastitis pathogens at 
calving. Williamson et al. (1995) examined the prophylactic effect of a dry-cow antibiotic 
against Strep. uberis. The therapy reduced significantly the incidence of  both dry period and 
post-calving infections. Hassan et al. (1999) noted  a marked reduction in the number of in-
fected quarters and clinical mastitis cases caused by Strep. uberis and Strep. dysgalactiae after 
dry cow treatment in 2 weeks after drying off. These studies suggest that dry cow therapy can 
play an important role  in the prevention of new infections with these environmental organ-
isms during the dry period. 
 
5.1.3. DRY COW PREPARATIONS 
 
Since the udder is most susceptible to new infections during the first weeks (mostly caused by 
environmental pathogens e.g. Strep. uberis, and maybe contagious pathogens) and last weeks 
(mostly caused by environmental pathogens including coliform bacteria too) of the dry period 
(Oliver and Sordillo, 1988; Smith et al., 1985), optimally, the therapy should be extended over 
the whole dry period. The involuted udder is naturally resistant to Gram-negative microorgan-
isms because of the high concentration of lactoferrin, and the low citrate:lactoferrin molar 
ratio in secretions inhibit their gowth (Dutt, 1985; Todhunter et al., 1982), so their role in the 
dry period infections is minor in general. Dry cow antibiotic preparations, therefore, require a 
good activity against S. aureus including β-lactamase producing strains, Strep. uberis, Strep. 
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dysgalactiae, Strep. agalactiae and, if prophylaxis against summer mastitis is desired , they 
should also be effective against Arcanobacterium pyogenes (Ziv, 1994). Intramammary injec-
tors containing narrow spectrum penicillins (penicillin, cloxacillin, oxacillin, and nafcillin), 
cephalosporins and spiramycin are therefore widely used.  
The dry cow preparations are formulated (vehicles, solvents, pH) to cause minimal tissue irri-
tation, to avoid damaging the secretory tissue and to prevent fibrosis. It is advantageous if the 
antibiotic is bound to the tissues for an extended period and does not immediately diffuse 
from the udder into blood. The antimicrobial effect must be long-life, since the purpose is to 
form a deposit in the milk ducts of the udder from which the antibiotic is slowly released 
(Sandholm and Pyörälä, 1995b). 
The duration of the antibiotic effect can be regulated by pharmaceutical manipulation of the 
intramammary drugs e.g. precipitating the antibiotic, dissolving it in a slowly absorbing oil or 
micro-encapsulation.  
One significant limitation of antibiotic formulations used for dry cow therapy is the ineffec-
tiveness in preventing new IMI during the periparturient period (Eberhart and Buckalew, 
1977; Oliver, 1987; Smith et al., 1985). Boyd et al., (1987) and Oliver and Maki (1987) dem-
onstrated that dry cow antibiotics persisted only for 14 to 28 days after infusion. 
In contrast to widely used long-acting intramammaries, Osteras et al. (1991, 1999a), reported 
the use of short-acting, lactational preparations at drying off. They compared a long-acting 
and a short-acting injection containing penicillin and neomycin or streptomycin respectively. 
An injection of short-acting preparation was administered every second day (during eight 
days) before drying off had a significantly better effect in preventing new infection with S. 

aureus or Strep. dysgalactiae in untreated healthy quarters in cows with fewer than 3 infected 
quarters. This difference in preventive effect was greater in cows with one infected quarter 
during previous lactation (Osteras et al., 1994). This short-acting therapy resulted better ap-
proach for eliminating major pathogens (S. aureus in particular) (Osteras et al., 1999a). How-
ever, their finding that the use of lactating formula increases the risk of resistance develop-
ment decreases the value of these otherwise promising results according to the elimination of 
major pathogens (Osteras et al., 1999b). 
 
5.1.4. SYSTEMIC DRY COW THERAPY 
 
Systemic dry cow therapy may have advantages: better distribution of the suitable drug in the 
udder tissue which may lead to better cure of IMI (Ziv, 1980a) and avoids new infection 
which is a possible risk at administration of intramammaries (Boddie and Nickerson, 1986). 
In the last 10 years some reports were published dealing with systemic dry cow therapy. Bol-
ourchi et al.(1996) found that systemic enrofloxacin or tylosin (a macrolide related to spira-
mycin) at drying off approached but did not exceed the efficacy of the local treatment with a 
combination of nafcillin, penicillin and dihydrostreptomycin. Norfloxacin-nicotinate was re-
ported to be effective drug for systemic treatment of S. aureus IMI. In the same experiment 
oxytetracycline showed much lower activity (Soback et al., 1990). However, the promising 
results of this pilot study could not be confirmed in later experiments. Erskine et al. (1994) 
published similar findings concerning to the oxytetracycline. In a study with 30,000 IU/kg 
spiramycin administered intramuscularly on 4 consecutive days at drying off, the bacterio-
logical cure rate of cows with chronic subclinical S. aureus mastitis remained below 50 %. 
Thus the suggested superiority of systemic administration at drying off, compared with con-
ventional intramammary treatment, has not been proven in the practice. 
Despite these therapeutic failures, in general the systemic administration of antibiotics at dry-
ing off (penicillin; Johansson et al., 1995) or at some weeks before parturition (tylosin; Zec-
coni et al., 1999) seems to be an effective, supplementary treatment for intramammary ther-
apy of S. aureus IMI, which may be advisable for the practice. 
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5.1.5. THE POSSIBLE ADVERSE EFFECTS OF DRY COW THERAPY 
 
It has been stated that the dry cow therapy may have the following adverse effects (Sandholm 
and Pyörälä, 1995b): 
 
1.) Discarded meat and milk, if the cow is slaughtered within the withdrawal time or the cow 

calves prematurely. 
2.) A random antibiotic therapy kills the normal bacterium flora of the teat end and teat canal 

allowing pathogenic and antibiotic-resistant bacteria to colonize the area. 
3.) Large-scale use of antibacterials increases selection-pressure to spreading of antibiotic-

resistant bacterial strains. 
4.) Irritation of teat ends. 
5.) Unnecessary treatment of healthy quarters is expensive. 
 
5.1.6. SELECTIVE DRY COW THERAPY 
 
To minimize the adverse effects of antibacterial treatment it has been suggested that only in-
fected quarters or cows are treated at drying off. Poutrel and Rainard (1981) suggested that 
selective treatment of all cows with at least 1 California Mastitis Test (CMT)-positive quarter 
at 8 weeks before drying off is the simplest and most economic treatment for herds with a low 
mastitis infection rate.  
According to the antimicrobial drug policy in Nordic countries (Forshell et al., 1996), the ef-
fects of selective dry cow therapy were studied. Although the selective dry cow therapy was 
reported as beneficial compared to no therapy (Osteras and Sandvik, 1996), the authors (Os-
teras et al, 1991) found that selective dry cow therapy on quarter basis determined from the 
results of single samples taken 1 to 6 weeks before drying off had given „inadequate” thera-
peutic response (i.e. new infection in non-treated quarters at drying off) in more than 50% of 
the cows. Its cause could be that the bacteriological findings from milk can vary from day to 
day because of intermittent shedding (Mattila, 1985), therefore at least two samples (e.g. 1 
month and closely before drying off) could guarantee the adequate specificity. In an other 
study (Osteras et al, 1999a) evaluating the real efficacy of methods used to identify the in-
fected udders, the geometric mean of the cow composite somatic cell counts (SCC) of the last 
5 to 6 months of lactation was the best predictor. However, the treshold value between quar-
ters considered healthy or infected was 200,000/ml, e.g. much lower than generally supposed 
in the practice. This finding is in good agreement with the earlier observations of Meek et al. 
(1980). 
In addition to the difficulties in diagnosis, a weakness of selective therapy is that ignores in-
fections occurring during and after drying off. Selective quarter treatment (treat infected quar-
ters only) results in a higher new infection rate in the dry period (Browning et al., 1990; 
Browning et al., 1994) 
Selective cow treatment (treat all quarters of any cow infected in one or more quarters) is a 
preferred concession between selective quarter treatment and blanket therapy (treat all quar-
ters of all cows) (Browning et al., 1994). This is in agreement with the opinion of Sandholm 
and Pyörälä (1995b): decision as to whether to treat or not has to be made on the basis of the 
cow, not the quarter. If the cow has had acute or subclinical mastitis caused by contagious 
pathogens during lactation it is worth treating all the quarters of that cow with dry cow prepa-
rations. However, Natzke et al., (1975) calculated that in a 100-cow herd the production gain 
from prevention of only nine quarters (2.2% of quarters) would return the cost of antibiotic 
treatment of all cows. In addition, other studies have shown that in low prevalence herds in 
which selective therapy was used, infection rate was higher at calving than at drying off 
(Eberhart and Buckalew, 1977; Schultze, 1983). From these consideration, it seems clear that 
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selective therapy, as compared with complete one, cannot be justified economically in most 
herds (Eberhart, 1986). 
 
5.1.7. DRY COW THERAPY IN THE PRACTICE 
 
Cows with clinical mastitis are treated according to normal practice before drying off. If mas-
titis caused by staphylococci early in lactation is a problem in the herd, dry cow therapy can 
be considered. Dry cow therapy is also recommended for control of contagious mastitis 
caused by streptococci. Dry cow therapy is recommended for all cows, which have had conta-
gious mastitis during lactation (S. aureus, Strep. agalactiae, and Strep. dysgalactiae). Cows 
which have had a high milk cell count are also treated. Systematic dry cow therapy is recom-
mended for herds with a high infection rate. Use of germicidal teat dipping during the dry 
period is also advised for these herds, to reduce the exposure of pathogens on the teat end 
(Sandholm and Pyörälä, 1995b).  
On the other hand, it is important to mention that cows that have had at least one case of clini-
cal mastitis and high geometric mean of SCC in the last 5 to 6 months before drying off 
should be considered for culling, because they retain a high risk of subsequently having a ma-
jor pathogen (mainly S. aureus and Strep. agalactiae) (Osteras et al., 1999a).  
Dry cow therapy is also suggested in herds with low somatic cell counts and low prevalence 
of contagious mastitis pathogens, to minimize the new dry period infections by environmental 
pathogens which can result a high incidence of clinical mastitis in the early lactation (Eber-
hart, 1986; Oliver and Sordillo, 1988; Schukken et al., 1993b). 
Because continuing exposure to new bacteria during the dry period comes only from the 
cow’s environment, it is reasonable to believe that minimizing exposure to bacterial loads in 
the environment will reduce a new infection rate (Neave and Oliver, 1962; Smith et al., 1985). 
Because of the susceptibility to infection in the prepartum period, special attention should be 
paid to the environment of calving cows (Rendos et al., 1975). 
 



 71 

5.2. OWN STUDIES: 
 

 BACTERIOLOGICAL RECOVERY AFTER INTRAMUSCU-
LAR OR INTRACISTERNAL SPIRAMYCIN-BASED DRYING 

OFF THERAPY 
 

5.2.1. INTRODUCTION 
 

Mastitis is defined as an inflammation of the mammary gland resulting from bacterial 
infection in most of the cases. Intramammary infections (IMI) may be manifested in clinical 

form with visible and palpable changes in the udder and/or in the macroscopic appearance of 
the milk. In certain cases, however, they cause subclinical mastitis with no obvious clinical 
symptoms, when only the elevation of somatic cell count (SCC) of the milk or the presence of 
other inflammatory markers can be used to detect the impairment of the affected quarter 
(Huszenicza and Stollár, 1993; Huszenicza et al., 1997; Sandholm, 1995b).  

Both the clinical and subclinical forms of mastitis justify veterinary intervention even 
if the therapeutic considerations may be different. The acute form of clinical mastitis requires 
immediate treatment, which aims at rapid elimination of the infective agent and thus may de-
crease the injuries to udder tissue. The animal is brought back to production faster and the 
spread of infection in the herd is prevented (Pyörälä, 1995b). Subclinical infections are usu-
ally left untreated during the lactation, and undergone routine therapy at drying off when there 
is no milk loss due to treatment and the bacteriological efficacy is higher (Craven, 1987). 

The species of pathogen causing the actual case of mastitis determines the chance for 
spontaneous or medicine-driven clinical recovery and of complete bacteriological cure 
(Pyörälä, 1995b). In certain cases the clinical symptoms may disappear but the quarter re-
mains infected by the pathogen. Thus, clinical recovery is more common than bacteriological 
cure. The difference between the clinical and bacteriological forms of recovery may be very 
obvious first of all in Staphylococcus  aureus mastitis. In 35-70 % of cases this pathogen can 
survive in the affected milk alveoli, and until the subsequent recurrence of clinical symptoms 
the continuous elevation of SCC and/or the presence of other inflammatory markers in the 
milk are the only signs indicating the existence of IMI (Craven, 1987; Owens et al., 1997; 
Pyörälä et al., 1994, Pyörälä, 1995b; Pyörälä and Pyörälä, 1998). This pathogen can survive 
also in the dry period, so the use of antibiotics at drying off is a valuable tool in the manage-
ment of this disease. Intracisternal slow-release preparations containing certain β-lactam anti-
biotics are the most common drugs of choice, but also some macrolides such as spiramycin 
can be used for this purpose. Due to its pharmacokinetic properties, spiramycin can be admin-
istered not only locally but also in a systemic way, although only limited data are available in 
the literature on its real efficacy in drying-off therapy.  

Prompted by the demand raised by the practice, the aim of the study was to compare 
the efficacy of systemic (intramuscular) and local (intracisternal) spiramycin-based drying-off 
treatment in terms of  bacteriological recovery in  S. aureus IMI and the postpartum changes 
of SCC. 
 
 
5.2.1.1. Spiramycin in the mastitis therapy 

 
The macrolides form a large group of closely related antibiotics produced mostly by 

Streptomyces organisms. The macrolides consist of a macrocyclic lactam ring, that entitles to 
their generic name, and typically two sugar moieties and one amino sugar that attach to the 
ring. The group of macrolides of the most therapeutic importance are characterized by rings 
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containing 14 to 16 carbon atoms. Spiramycin belongs to the 14-membered macrolide group. 
It is a weak organic base with pKa 8.2 and thus changes around as the physiological pH affect 
its lipid-solubility. Spiramycin interferes with protein synthesis of bacteria by binding to the 
50 S subunit of the ribosome. It appears to bind at the donor site, thus, preventing the translo-
cation necessary to keep the peptide chain elongating. The effect is essentially bacteriostatic 
and confined to rapidly dividing gram-positive bateria and mycoplasmas (Urbán, 1999). 
In general macrolides are very suitable drugs for systemic treatment of cows, as they easily 
penetrate from blood to milk, reaching concentrations several times those of serum, due to ion 
trapping, even tough lower concentrations can be reached in mastitic milk (Ziv, 1980b). Spi-
ramycin has also been shown to accumulate in macrophages 20 times higher concentration 
than in the medium (Desnottes and Diallo, 1990). Both the above characteristics are very use-
ful when combating inactive, intracellular (phagocyted) S. aureus in microabscesses. Spira-
mycin has been reported to increase the efficiency of phagocytic system (Desnottes et al., 
1988). Other advantage of systemic administration of this drug is the absence of irritation to 
the udder. However, spiramycin has only bacteriostatic (and not bactericidal) effect, and due 
to its long-lasting accumulation in milk the withdrawal time is too long to allow to use of spi-
ramycin in lactating cows (Jonsson, 1993). The pharmacokinetic properties of spiramycin 
support the idea that it may be a potent antimicrobial to eliminate (contagious) gram-positives 
including S. aureus IMI at drying off (Jonsson, 1993; Rhone Merieux, 1991). Spiramycin has 
been formulated for both the systemic and intracisternal drying off therapy.  
 

 
 
5.2.2. MATERIALS AND METHODS 
 
5.2.2.1. Herds and Animals 
 

This study was conducted in three commercial large-scale dairy herds. Fifty-seven, 19 
and 24 cows with subclinical mastitis (SCC >500,000 in the last three months of their lacta-
tion) were included in the study on farms 1, 2 and 3, respectively, but only those with S. 

aureus IMI were used for the final evaluation. In each herd the cows were housed in free 
stalls, and were milked twice daily in double herringbone parlours equipped with Alfa Laval 
milking equipment. Cows were dried off approximately 60 days before the calculated calving 
dates. During the dry period the cows were housed in separate stalls and about 1 week before 
the estimated calving date they were moved to the maternity unit where they stayed until 
postpartum day 5-7. On farms 1 and 2 the post-milking teat dipping and drying-off treatment 
of cows were used routinely, but  farm 3 did not apply these procedures. In accordance with 
the Hungarian practice, feeding was based on maize silage and alfalfa or grass hay, completed 
with concentrate depending on the actual milk yield. 

 
5.2.2.2. Sampling and Laboratory procedures 
 

From all udder quarters of the cows aseptic milk samples were collected for bacterio-
logical culture during the last milking out, at drying off and again in the first week after calv-
ing. The samples were frozen and stored at –18 oC until the microbiological examination. 
From each sample, 0.01 ml was streaked onto the surface of one-fourth plate of Columbia 
agar (Merck, KgaA, Darmstadt, Germany) containing 5% sheep blood and 0.01% esculin. All 
the plates were incubated at 37 oC, and were evaluated after 14 to 16 h and again following an 
additional 24 h. The colonies were tentatively identified according to their morphology, pig-
ment production, Gram-staining, catalase test and the type of hemolysis produced. The strains 
initially characterized as staphylococci were tested in tubes for coagulase production to con-
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firm the identification as S. aureus. For the purpose of the current report all other major and 
minor pathogens isolated were disregarded. 
The SCC of milk was also determined (Fossomatic technology) for each quarter just before 

drying off, on postpartum days 3-4 and then once a week for further 4 weeks postpartum. 
 
5.2.2.3. Treatments 
 

The cows were randomly divided into four treatment groups. (1) The animals in the 
first group served as untreated controls (number of cows : ncow =21) and no antimicrobials 
were given to them at drying off. Those in the second and third groups received an intramus-
cular injection of 30,000 IU/kg spiramycin base (5ml/100 kg; SuanovilR 20, Rhone Mérieux) 
(2) in a single dose (single IM group; ncow =25) or (3) for 4 consecutive days (4 IM group; 
ncow =30). (4) An intracisternal preparation with 1.2 million IU spiramycin and 100 000 IU 
neomycin bound to a long acting excipient (SpeciorlacR, Rhone Mérieux) was administered 
into each of the udder quarters in the last group (intracisternal group; ncow =24). All treat-
ments were administered immediately after the last milking out at drying off. 
 
5.2.2.4. Statistical analyses 
 

Statistical analyses were performed using the program SPSSR  (SPSS Version 7.5, 
1996, SPSS Inc., Chicago, Illinois, USA). Chi-square tests for non-parametric features, 
ANOVA and t-test for SCC were used and statistical significance was declared at the 5% 
level. 
 
5.2.3. RESULTS 
 

S. aureus was isolated in pure culture only from 65 quarters of 38 cows at drying off 
(the number of S. aureus infected cows and udder quarters in the four treatment groups: con-
trol: ncow =9, nquarter =11; single IM group: ncow =9, nquarter =14; 4 IM group: ncow =12, nquarter 
=25; intracisternal group; ncow =8, nquarter =15). The udders of the other animals either (1) were 
infected by other gram-positive pathogens (mainly by Strep. dysgalactiae and Str. uberis), (2) 
the presence of no bacteria could be verified, or (3) also several colonies of contaminating 
bacteria also grew up. Thus, all of these cows had to be excluded from the current evaluation.  
The bacteriological cure rate was 18% in the untreated controls. Compared to data of the 
untreated controls and the single IM group a quite clear tendency of improved bacteriological 
recovery rate could be seen in the intracisternal and 4 IM groups. However, only the quarter-
based difference between 4 IM and single IM groups was significant (P<0.05). Even the high-
est bacteriological cure rate of S. aureus infected quarters observed in the 4 IM group re-
mained below 50%. The single intramuscular administration of spiramycin seems to be com-
pletely ineffective for the elimination of S. aureus IMI ( Table 25, Fig. 13). 
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Table 25 

The bacteriological cure rate of cows infected with S. aureus at drying off. 
 

Quarters Cows  
Treatment Infected  

n 
Cured# 

n 
Recovery 

rate % 
Infected  

n 
Cured## 

n 
Recovery 

rate % 
Untreated control 11 2 18 9 2 22 
Treated with spiramycin 

Intracysternal 15 6 40 8 3 37 
Intramuscular, single 14 2* 14 9 2 22 
Intramuscular 4 times 25 12* 48 12 3 25 

All spiramycin treated 54 20 37 29 8 27 
 

Cured: If from samples taken after calving S. aureus was not re-isolated from that quarter
# or 

from any udder quarters of that individual
##. 

*Between these values there is a significant difference (P<0.05). 
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Fig. 13. The bacteriological cure rates of quarters and cows infected with S. aureus at drying 

off 
 
At drying off the group mean of SCC was over 1 million/ml in each group and no sig-

nificant difference was seen among them. In accordance with the bacteriological cure rates 
observed, the group means of SCC were about 600,000/ml in the intracisternal and 4 IM 

groups and about 1,000,000/ml in the other groups in the 1st week after calving. These 1st-
week values were followed by a continuous decrease in all groups to the range between 
300,000 - 500,000 (intracisternal and 4 IM groups) or between 500,000 and 800,000 (in other 
groups). Due to the relatively high rate of overlapping values, however, no significant inter-
group differences could be demonstrated. 
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5.2.4. DISCUSSION 

 
 

In this experiment single and repeated intramuscular spiramycin treatment at drying off were 
compared with the local (intracisternal) spiramycin+neomycin therapy as well as with un-
treated controls. The only existing intracisternal preparation used also in this study contains 
not only spiramycin but also an aminoglicoside (neomycin). Under in vitro conditions the 
neomycin is usually active against S. aureus. However, in the mammary gland most of these 
bacteria are located deep in udder tissue in damaged milk alveoli surrounded by fibrotic tis-
sue. Some of them may be phagocyted by neutrophyl granulocytes, but they can survive in-
tracellularly in L form within the lysosomes of these cells. Due to these conditions aminogli-
cosides − such as neomycin − are unable to reach and kill them (Jonsson, 1993; Sandholm et 
al., 1990). 

Single IM treatment was also chosen as a practical regime. The 4 IM way of admini-
stration was based on the assumption that longer therapy may result in higher cure rate (Sand-
holm, 1995a). Spiramycin was administered in the normal dose suggested by the manufac-
turer (30,000 IU/kg).  

The single IM treatment produced the same very low quarter-based bacteriological 
cure rate (14%) as seen in untreated controls (18%). In accordance with these bacteriological 
findings the SCC remained elevated (> 400,000/ml) in the early weeks of the subsequent lac-
tation, indicating the presence of chronic IMI and subclinical mastitis in most of these cases. 
When administered intramuscularly, spiramycin in dose of 30,000 IU/kg can produce a 24 
hours drug level above the in vitro MIC of S. aureus in milk (Ziv, 1976) which seems, how-
ever, to be too short for the elimination of this pathogen. Due to its short effect, this treatment 
must also have failed to prevent new IMI during the dry period. This idea is supported by the 
observation that the 4 IM treatment regime resulted in a significantly higher quarter based 
cure rate (48%). The about 40% of bacteriological cure rates in the intracisternal and 4 IM 

groups were almost the same.  
If more than one udder quarters of a cow proved infected at drying off (75 % of the 

cows in 4 IM group and 50 % cows in IC group), in most of the cases at least one of their 
quarters remained uncured after calving. Thus the individual-based evaluation of bacteriologi-
cal cure rates gave even poorer results than the quarter-based evaluation. These findings sug-
gest that antibacterial therapy has questionable value in cows with more than one infected 
udder quarters. 

 
As a cause of the moderate effectiveness of these therapies, we should consider, that 

following the local (intracisternal) or systemic (intravenous, intramuscular) administration of 
antimicrobials the bacteriological recovery rate is affected not only by the in vitro susceptibil-
ity of the mastitis pathogen to the injected ingredient but also by several other factors. The 
pharmacokinetic properties of the antimicrobial, the species of the pathogen, as well as the 
acute or subacute-chronic character, the location and pathological consequences of IMI are 
known as  the most important influencing factors (Pyörälä, 1995b). Staphylococcal mastitis is 
typically chronic. In such cases the staphylococci appear inside neutrophils and macrophages. 
Unlike most bacteria, these can resist phagocytosis and remain alive. Inside the cell the low 
pH interferes with the effect of antibacterials. In addition, the metabolic status of the microbes 
inhibits antibacterials being effective. The logarithmic phase of bacterial growth is usually 
complete by the time treatment begins. In chronic staphylococcal mastitis, the alveoli are in-
voluted, surrounded by fibrous capsule and inside they contain neutrophil granulocytes and 
bacteria (Pyörälä, 1995a). As a consequence, very low cure rates are reported (maximum 
about 50%; Craven, 1987) when the follow-up bacteriological assessment is made 3 weeks 
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after therapy (Pyörälä and Pyörälä, 1998). Due to the 20-25% self recovery rate, the net effect 
of antibiotics on S. aureus is significantly lower than 35-50 % (Sandholm et al., 1991). 

The environment of staphylococci in microabscesses is different from the milk, which 
is the only compartment where spiramycin can reach concentration above the MIC of bacteria 
for a longer period (Franklin et al., 1986). The intercellular (interstitial) antibacterial effect of 
the macrolides, however, been shown to be poor (Pyörälä, 1995a). This may be one of the 
causes of surviving of S. aureus during the dry period in the udder. 

All of our treated cases were chronic, and expected to be resistant most of the antibac-
terial therapies. Our observations verifying the relatively low efficacy of any of these treat-
ments against S. aureus IMI show a close agreement with the results of others (Bolourchi et 
al., 1996; Craven, 1987), and do not support the earlier expectations (Jonsson, 1993; Rhone 
Merieux, 1991;) concerning the outstanding value of this antimicrobial in the management of 
S. aureus mastitis.  

 
5.2.5. CONCLUSION 

 
It can be concluded that the single IM treatment regime is not an effective way of dry-

ing-off therapy against S. aureus. If the intramuscular spiramycin administration was contin-
ued for 4 days, or if this ingredient was injected intracisternally in the form of a preparation 
developed for drying-off therapy, the efficacy was higher but remained below 50 %. Due to 
the high cost of the repeated intramuscular treatment regime there is no reason to give extra 
preference to this therapy in the practice.  
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6. CHAPTER 3 
 
 
 
 
 

BOVINE MASTITIS CAUSED BY THE ALGA  
PROTOTHECA ZOPFII 
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6.1. REVIEW OF THE MICROBIOLOGICAL, 
PATHOLOGICAL, AND CLINICAL ASPECTS OF BOVINE 
MASTITIS CAUSED BY THE ALGA PROTOTHECA ZOPFII 

 
 
6.1.1. INTRODUCTION 
 
Besides several bacteria and some other microorganisms, unicellular alga of Prototheca zopfii 
also can cause mastitis in dairy cows. The sporadic form of algal mastitis has been diagnosed 
almost worldwide. The endemic form of this disease, however, occurs mostly in the wet and 
humid tropics, where the climatic conditions may be more advantageous for the rapid multi-
plication of this pathogen in the environment (Costa et al., 1996b, 1997, 1998). In the temper-
ate zones of the world, this form may occur in geographical areas with a relatively high hu-
midity (Baumgärtner, 1997; Frank et al., 1969; Hodges et al., 1985; McDonald et al., 1984b; 
Spalton et al., 1985). As far as we know, however, an epidemic of algal mastitis has not been 
reported on large-scale dairy farms in countries with  relatively dry continental climatic condi-
tions. In Hungary no cases of algal mastitis have been reported until 1998-1999. However, in 
these years, we detected several cases of Prototheca mastitis in 32 dairy herds. In our routine 
diagnostic work we have been surveying the outbreaks of algal mastitis.  
 
 
6.1.2. TAXONOMIC CLASSIFICATION AND BIOLOGY  
 
Eukaryotic algae are regarded as the most primitive representatives of the plant kingdom. 
During phylogenesis, one group of unicellular algae lost its green pigments and changed over 
to heterotrophic nutrition. As early as the 1880’s, Zopf and Kühn cultured until then unknown 
microorganisms from a mucous secretion of a linden-tree. The first morphological and 
physiological characterization of these isolates was made by Krüger in 1894 (Krüger, 1894), 
who distinguished two species by the names Prototheca zopfii and P. moriformis. Since then 
oher representatives of Prototheca genus have been described, and some of them have been 
attributed a pathogenic character. P. stagnora cannot grow at 37 °C, so in birds and mammals 
its pathogenic role is improbable (Pore, 1985). The known human pathogen P. wickerhamii 
may primarily cause malignant, chronic skin lesions, but in immunocompromised hosts it may 
even give rise to systemic disease (Carey et al., 1997; Kim et al., 1996; Mohaber et al., 1997). 
In dogs, and less often in cats and other species of animals, the above Prototheca species can 
produce granulomatous skin lesions like those seen in humans. In dogs Prototheca often af-
fects the eye, causing retinopathy leading to blindness, or produces a systemic disease with a 
usually fatal outcome (Blogg and Sykes, 1995; Dillberger et al., 1988; Ginel et al., 1997; 
Moore et al., 1985). P. moriformis, characterized by Pore (1985) as a distinct species, can be 
detected primarily in the environment, but has also been cultured from bovine milk samples 
(Pore et al., 1987). The most frequent animal disease of algal origin is, however, the bovine 
mastitis caused by P. zopfii (synonyms: P. trispora, P. segbwema) (Seffner, 1987). 
The sexual reproduction of algae belonging to the genus Prototheca is not known. Their asex-
ual reproduction involves the production of cells of characteristic shape and size. During on-
togeny, a thick-walled, large (10–30 µm) cell of oval or spherical shape develops (sporan-
gium). This forms 2 to 16 or perhaps more aplanospores (endospores, sporangiospores) by 
division. The wall of this mulberry- or morula-like parent cell ruptures, releasing endospores 
that enlarge and repeat the reproductive cycle. In 1-3 % of sporangia, 2–3 thick-walled resting 
cell stages (hypnospores, dauer Zell) are formed (Pore, 1985). The cell wall is distinctive in 
that it possesses a trilaminar layer of sporopollenin and contains neither chitin nor cellulose. 
Some species may develop a mucopolisaccharide capsule, which is common for green algae 
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and higher plants (Dodge, 1973). Cells are always non-motile. All species of Prototheca util-
ize glucose as a carbon source. They can equally use inorganic N salts (ammonium salts) and 
proteins as nitrogen sources. All species require oxygen and thiamine for growth (Pore, 1985). 
 
 
6.1.2.1. Cell culture and identification 
 
Media containing glucose (e.g. Sabouraud’s dextrose agar) are the most suitable for culturing 
P. zopfii (Costa et al., 1997; Pore et al., 1983). Contaminating bacteria and fungi might over-
grow Prototheca.To suppress bacterial contaminants, 100 mg/L chloramphenicol may be 
added to the medium (Costa et al., 1997). Prototheca Isolation Medium (Pore, 1973) and Pro-

totheca Enrichment Medium (Pore et al., 1987) containing inhibitory substances (5-
fluorocytosine) can be used for the selective isolation of Prototheca and Chlorella algae. Se-
lective culturing of Prototheca zopfii is also possible on media with pH 5.1, containing acetate 
as the only carbon source (Pore et al., 1983). Stereomicroscopic observation may help to iden-
tify alga colonies after 24 h incubation (Pore et al., 1987). 
Members of the genus Prototheca must be differentiated from yeasts. When cultured aerobi-
cally on Sabouraud’s agar at 37 °C for 48 h, P. zopfii forms flat, colorless or whitish colonies 
approx. 2 mm in diameter with irregular margins, granular surface and a compact central pro-
trusion. Yellowish-white colonies of wax-like consistency 5–7 mm in diameter are seen after 
longer incubation. The organism forms small, grey, dull colonies with irregular surface on 
blood or blood-esculine agar. P. wickerhamii forms regular hemispherical colonies with a 
smooth surface, while P. stagnora forms flat colonies with entire margins and a relatively 
smooth surface (Seffner, 1987). Rapid differentiation of Prototheca from Candida species can 
be achieved by the so-called aggregation test (Müller, 1988) which makes use of the hydro-
phobic character of P. zopfii. A susceptibility test for ribostamycin (60 µg/disc) is suitable for 
differentiating between Candida and Prototheca species. Unlike resistant budding yeasts, 
Prototheca isolates show an inhibition zone 25–28 mm in diameter after incubation (Casal 
and Gutierrez, 1986). By light microscopy, the mulberry-like sporangia containing endospores 
can be visualized in smears made from the cultures (or from the sediment of milk samples) 
with simple staining procedures and with 400-fold magnification. The sporangia of P. zopfii 
are usually ovally elongated or spherical and 15–30 µm in diameter. Released endospores 
with a starch-granulated cytoplasm are oval and 8–16 µm in diameter. All cell stages of P. 

wickerhamii are spherical and average cell size is about half that reported for P. zopfii. Cap-
sule production, detectable by Indian ink staining (the capsule does not stain), occurs in P. 

stagnora and P. moriformis (identified by Pore as a distinct species) (Pore, 1985; Seffner, 
1987). (Table 27) 
The differentiation of Prototheca species is facilitated by carbohydrate assimilation tests as 
well as antimicrobial sensitivity tests with neomycin (P. zopfii is sensitive) (Casal and Aroca, 
1995) and clotrimazole (P. zopfii is resistant) (Aalbaek et al., 1988). Some differentiating 
properties of three Prototheca species are presented in Table 26 (Blaschke-Hellmessen et al., 
1985). Studies of P. zopfii strains isolated from different sources revealed the existence of 
three types within the species (Table 27) (Blaschke-Hellmessen et al., 1984; Blaschke-
Hellmessen et al., 1985; Schuster and Blaschke-Hellmessen, 1983). Type II, characterized by 
intensive glycerol utilization and delayed or missing galactose assimilation, has been cultured 
from most cases of mastitis (Seffner, 1987; Wilhelm et al., 1992). Type I and III have not 
been reported previously as mastitis pathogens. (Table 27) 
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Table 26 

Properties suitable for the differentiation of the three Prototheca species 
(after Blaschke-Hellmessen et al., 1985) 
 
 P. zopfii P. wickerhamii P. stagnora 

Cell size (µm) 7–30 4–10 7–14 

Assimilation 
 Glucose 

 
+ 

 
+ 

 
+ 

 Galactose (+) + + 
 Sucrose – – + 
 Trehalose – + – 
 n-Propanol + – – 
 Glycerol + + + 

Capsule production – – + 

Growth at 37 °C + + – 
 
Table 27 

Differentiation of the three types of P. zopfii (after Blaschke-Hellmessen et al.,1985) 
 

 Assimilation pH 
tolerance 

NaCl 
tolerance 

Cell shape 

 Galactose Glycerol    

Type I 
large or very large cells 

++ +++ 2.4–9.5 4% NaCl spherical and oval 

Type II 
moderately large cells 

(+) +++ 2.1–10.5 6% NaCl spherical and oval 

Type III 
moderately large or 
large cells 

+ + 4.0–10.5 4% NaCl spherical 

 
6.1.2.2. Prevalence 
 
Algae belonging to the genus Prototheca are widespread in nature and occur all over the 
world, primarily in humid habitats rich in organic materials. They have been detected in riv-
ers, drinking water sources, communal and slaughterhouse sewage, wet soil, manure and the 
faeces of cattle, pigs and certain laboratory animals (Anderson and Walker, 1988; Pore et al., 
1983; Pore and Shahan, 1988). The possibility of mechanical transmission by insects and ro-
dents cannot be disregarded (Pore and Shahan, 1988; Pore et al., 1983). In natural waters defi-
cient in organic matter these algae are present only temporarily (Pore et al., 1983).  
The presence of Prototheca algae in faeces of animals was related to consumption of con-
taminated feeds. Faecal shedding of these algae ceased when the experimental animals started 
to receive Prototheca-free fodder (Pore and Shahan, 1988). Resistance of Prototheca to diges-
tive processes in the gastrointestinal tract is attributed to the sporopollenin content of the cell 
wall. Algae can become especially abundant in muddy or wet outdoor runs, paths where ani-
mals are driven,  resting areas and pastures contaminated with slurry (Anderson and Walker, 
1988; Baumgärtner, 1997; Costa et al., 1996c; Costa et al., 1997; Pore et al., 1983; Schuster 
and Blaschke-Hellmessen, 1983). Calves fed with Prototheca containing mastitic milk may be 
a major source of environmental contamination (Costa et al., 1997). Leftovers of wet feeds 
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rich in starch, oligosaccharides and disaccharides (e.g. potato pulp) are also considered to be a 
medium for multiplication (Baumgärtner, 1997; Pore and Shahan, 1988). The presence of 
Prototheca algae has been detected in milking equipment, in its pipelines, and on teat cup 
rubbers. The organism even survived routine disinfection procedures with a chlorine solution 
(Anderson and Walker, 1988; Costa et al., 1997). In surveys of prevalence in dairy herds, 
Prototheca species were found to occur in environmental samples even in dairy herds in 
which algae had not been isolated from cows with mastitis (Anderson and Walker, 1988). 
 
6.1.3. PROTOTHECA AS A CAUSE OF MASTITIS 
 

6.1.3.1. Occurrence 

 
Since the first description by Lerche (Lerche, 1952) mastitis caused by P. zopfii has been re-
ported worldwide, from temperate and tropical climatic zones as well. Sporadic cases of Pro-

totheca mastitis have been found in Europe (Aalbaek et al., 1988; Goudswaard, 1977; Lag-
neau, 1996; Schlenstedt et al., 1997; Spalton, 1985), North-America (Dion, 1982) and Asia 
(Furuoka et al., 1989; Katoch et al., 1997; Kuttin et al., 1986; Taniyama et al., 1994). In addi-
tion, there are several reports about endemic Prototheca mastitis with high numbers of af-
fected cows, mostly from geographical areas with relatively high humidity and/or tempera-
ture, e.g. from climatic conditions, which are known to be advantageous for the rapid multi-
plication of this pathogen in the environment (Baumgärtner, 1997; Costa et al., 1996b, 1998; 
Frank et al., 1969; Hodges et al., 1985; Linquist, 1981; McDonald et al., 1984b). Although 
available international references report numerous cases of mastitis caused by P. zopfii, the 
real incidence of this disease can be estimated to be much higher, because of the possible mis-
identification of P. zopfii as a yeast or failure to growth  under routine microbiological condi-
tions (Gedek and Weber, 1978; Spalton, 1985). 
 

6.1.3.2. Clinico-pathological features 
 
Mastitis caused by P. zopfii is most often recognized as a chronic, symptom-less process with 
very high somatic cell count (over 106/ml); however acute, clinical mastitis may also occur 
(Anderson and Walker, 1988; Costa et al., 1996a; Schuster and Blaschke-Hellmessen, 1983). 
The tissues of the lactating udder are highly susceptible to P. zopfii infection. Under experi-
mental conditions, infusion of 40–480 colony forming units (CFU) of P. zopfii into the udder 
through the teat resulted in mastitis in 100 % of the inoculations. Five days after the experi-
mental infection the pathogen could be cultured from the milk samples in an amount of 
20,000–50,000 CFU/ml (McDonald et al., 1984b).  
In acute cases, the sero-purulent form of mastitis can be observed with large numbers of alga 
cells in milk, in the alveolar epithelial layer, in macrophages, and in the interstitium. Pro-
nounced proliferation of interstitial connective tissue and concurrent atrophy of alveoli (Frank 
et al., 1969) characterize chronic cases. As compared to mastitis of bacterial origin, in mastitis 
due to algae infiltration of the udder tissue with mononuclear cells is more pronounced (Frank 
et al., 1969; McDonald et al., 1984b). Proliferative processes associated with microgranuloma 
formation are also considered characteristic (McDonald et al., 1984b; Schönborn and Seffner, 
1977). The techniques most suitable for the selective visualization of algae in histological 
sections include the periodic acid–Schiff (PAS) reaction, Gömöri’s silver impregnation stain, 
and Gömöri’s methenamine-silver stain (Frank et al., 1969; McDonald et al., 1984b; Tani-
yama et al., 1994). Immunofluorescence enables species identification of alga cells in histo-
logical sections and cultures (Sudman and Kaplan, 1973). By electron microscopic examina-
tion, alga cells phagocytosed by macrophages showed different degrees of degeneration. Ul-
trastructural examinations did not show the presence of Prototheca cells in alveolar epithelia 
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(Cheville et al., 1984). Both sporangiospores and sporangia have been found, suggesting that 
intracellular proliferation may have been responsible for the failure to overcome the infection 
(Jensen et al., 1998) 
Systemic symptoms are usually absent, and in most cases even local signs are mild. The most 
common clinical sign is the changed appearance of milk, which becomes watery and contains 
flakes and lumps. However, in addition to the pronounced decrease in milk production, in 
most cases only the prolonged elevation of the SCC indicates that a quarter is infected (sub-
clinical mastitis) (Bergmann, 1993; Costa et al., 1996a, 1996c). Based on its clinical charac-
teristics Prototheca mastitis cannot be distinguished from the cases of mastitis of bacterial 
origin. 
 
6.1.3.3. Epidemiological aspects 
 
P. zopfii can be regarded primarily as a so-called environmental pathogen. When the organism 
is widespread on a farm, the cows of that herd are subject to increased risk of infection 
(Anderson and Walker, 1988).. The occurrence rate is higher in herds kept in total confine-
ment system with no pasturing or in a muddy, faeces contaminated pen (Costa et al., 1996c; 
Costa et al., 1998). The defective pre-milking hygiene of teats plays a major role in the casu-
ality (Costa et al., 1996c). Costa et al.(1998) found a higher occurrence of Prototheca mastitis 
in herds that were not fed immediately after milking. 
Highly contaminated, spoiled feed may also be the source of large numbers of P. zopfii in the 
farm environment, and may be responsible as well for the endemic form of mastitis (Baum-
gärtner, 1997; Pore and Shahan, 1988). 
A higher environmental temperature and humidity provide highly suitable conditions for the 
multiplication of this pathogen. In the summer period – with the above weather conditions in 
Brazil - Costa et al. (1998) reported significantly higher incidence of new infections than in 
winter-time. 
Cows in the first few weeks of lactation seem to be especially susceptible to natural infection 
(Costa et al., 1996a, 1997; Frank et al., 1969; Shahan and Pore, 1991). Although mixed infec-
tion with bacteria (mainly Staphylococus aureus, Streptococcus spp.) can occur, a synergism 
between P. zopfii and other udder pathogen bacteria has not been proven (Schlenstedt et al., 
1997). Immunosuppressive therapy predisposes the Prototheca-caused infections and may 
lead to disseminated disease (Taniyama et al., 1994; Wilhelm et al., 1992). In a retrospective 
case control study of 248 Prototheca mastitic cows the age/parity of cows, previous mastitis 
cases and especially antimicrobial pretreatment of udder quarters were found to increase the 
risk of protothecal mastitis (Tenhagen et al., 1999). 
Contagious (animal-to-animal) transmission probably occurs during milking (Costa et al., 
1997; Spalton, 1985). 
As a summary, it can be stated that although  Prototheca mastitis may occur in well-managed 
herds, its prevalence is sporadic. Only when there are poor housing conditions and poor milk-
ing hygiene as well as highly contaminated fodder is the disease likely to become endemic 
(Baumgärtner, 1997).  
 

6.1.3.4. Therapy 
 
In antimicrobial susceptibility tests performed in vitro, the majority of P. zopfii strains proved 
to be moderately susceptible to a few antibiotics and some fungicides (polymyxin B, gen-
tamicin, nystatin, amphotericin B) (McDonald et al., 1984a; Shahan and Pore, 1991; Van-
Damme, 1983). In human medicine, high dose administration of amphotericin B or flucona-
zole has been reported as an effective therapy against Protothecal infections (Carey et al., 
1997; Kim et al., 1996). Because of its extremly high costs and because of veterinary public 
health considerations, this treatment procedure is not applicable in dairy cows. Only a tempo-
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rary decrease in severity of clinical signs and degree of alga shedding could be achieved by 
routine use of various antimicrobials in dairy cows (Bergmann, 1993; Costa et al., 1996a; 
Hodges et al., 1985). Thimerosal resulted in 100 % microbiological cure. However, due to the 
irreversible damage to udder tissue caused by the long-lasting algal infection, milk production 
remained low even after the pathogen had been completely eliminated (Costa et al., 1996a). 
 
6.1.3.5. Prevention 
 
P. zopfii mastitis is considered as one of the most difficult forms of this disease to prevent and 
control (Kirk, 1991). The principles of prevention are the same as those usually followed for 
other environmental pathogens (Anderson and Walker, 1988; Hodges et al., 1985). It is of 
utmost importance to prevent contamination of the teats with faeces or wet litter during the 
first 25–30 minutes after milking, when the relaxed sphincter of the teat canal fails to prevent 
ascending infection. To achieve this goal, favourable hygienic status and regular cleaning of 
driving ramps are of crucial importance, as is offering freshly served, palatable feed to ani-
mals after milking to prevent them from lying down immediately. The availability of dry bed-
ding is also important. Stagnant leftovers of carbohydrate-rich feeds with a high moisture con-
tent must be removed regularly. In severely infected dairy herds, systematic cleaning with 
high-pressure hot water or spraying with algicides is essential (Baumgärtner, 1997). 
Adequate pre-milking hygiene is one of the most important preventive measures. Post-
milking teat dipping with disinfectants is an effective way to diminish potential animal-to-
animal transmission. Properly functioning milking machines are indispensable to avoid inju-
ries of teat end and teat canal, which predispose to Protothecal udder infections (Baumgärt-
ner, 1997; Costa et al., 1998).  
Infected cows are known to have a major role in maintaning Prototheca contamination of the 
environment (Costa et al., 1997). In the case of Prototheca mastitis, the antimicrobial defence 
mechanism of the udder cannot be expected to eliminate the pathogen (Van Veen and Kremer, 
1992).  Prototheca algae can survive for a long time in the udder of dry cows (Dion, 1982; 
Schlenstedt et al., 1997). For this reason, widespread microbiological monitoring should be 
conducted in infected herds. After their identification, infected animals have to be removed 
immediately. Separate housing and milking and the early culling of infected individuals semm 
to be effective in the herd health management of this disease (Anderson and Walker, 1988; 
Baumgärtner, 1997; Costa et al., 1996a, 1996c; Frank et al., 1969; Hodges et al., 1985; Seff-
ner, 1987). 
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6.2. OWN STUDIES 
 

PROTOTHECA ZOPFII MASTITIS IN HUNGARIAN 
LARGE SCALE DAIRY HERDS  

 
 
6.2.1. INTRODUCTION 
 
In autumn of 1997, a yeast-like microorganism was cultured from some mastitic milk samples 
collected for an udder health control programme. This pathogen was subsequently identified 
as the unicellular alga of P. zopfii. Since then, the same organism has been isolated from more 
than 50 large-scale farms on at least one occasion (sporadic form); the accumulated outbreak 
of this masitis has been observed in 6 of these farms (endemic appearance). Three of these 
dairy herds with a high incidence of algal mastitis were closely studied (farm survey). As a 
third step the epidemiological character of this infection was followed on one of the farms 
(Herd 3.; epidemiological study).  
 
6.2.2. MATERIALS AND METHODS 
 

6.2.2.1. The farm survey  
 
Each of the three farms involved in this survey had 200–300 Holstein-Friesian × Hungarian 
Red Spotted crossbred cows kept in a loose housing system with adjoining corrals. The cows 
were milked twice a day in double herringbone milking parlors with Alfa LavalTM milking 
equipment. In the Herds 2 and 3 a 1% solution of an udder disinfectant containing organic 
iodine (Hygienius®, Alfa LavalTM) was used regularly for post-milking teat dipping, whereas 
in Herd 1 this procedure had been stopped a few years earlier for economic reasons. As a part 
of the regular farm management, in all herds individual bulk milk samples had been collected 
once a month for many years from each cow to check the somatic cell count (Fossomatik 
technology, Hungarian Herd Recording Ltd., Gödöllı). As is usual in this area, no pasturing 
was available for the cows. They were fed with ensilaged maize and alfalfa products, alfalfa 
and grass hay, which were complemented with cereals and vitamin and mineral premix. In the 
Herds 1 and 2  wet sugar-beet chips also were given in the autumn. 
Altogether 73 mastitic cows were involved in the farm survey. After the clinical examination, 
aseptic milk samplews were collected rom each quarter for microbiological investigations. If 
the quarter proved to be infected, it was re-sampled again several times 4 to 5 weeks apart 
during a 12-18-months long period. Simultaneously, the SCC was also checked. The SCC 
data of the previous lactation were available for retrospective evaluation. If cows dried off, 
the sampling procedure was re-continued after calving. Also feed (maize silage, wet sugar-
beet chips), faecal and bulk milk samples (only in Herd 3) were taken for microbiological 
investigations.  
 
6.2.2.2. Microbiological investigations 
 
For isolation of P. zopfii from milk, 0.1 ml of each milk sample was streaked onto 
Sabouraud’s agar plates (art. No.:1.05438, Merck KgaA, Darmstadt, Germany) supplemented 
with yeast extract and onto 5% sheep blood agar medium (art. No.:1.05450, Merck KgaA, 
Darmstadt, Germany). The plates were incubated under aerobic conditions at 37 °C for at 
least 48 h. The pure cultures of colonies were identified according to the recommendations of 
Pore (1985) and Blaschke-Hellmessen et al. (1985). In Herd 3 the milk samples taken from 
quarters of 15 alga-infected cows were cultured also for mycoplasmae on modified Hayflick 
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medium (Whitford et al., 1994). Feed and faecal samples were cultured on Sabouraud’s agar 
plates containing substances (such as 5-fluorocytosine and chloramphenicol) to inhibit fungal 
and bacterial growth (Costa et al., 1997; Pore, 1973). 
 
6.2.2.3. Histopathology 
 
In the on-farm survey phase three alga-infected cows were slaughtered and their udders were 
subjected to gross and histopathological examination. For histopathology, pieces from differ-
ent parts of the udder and supramammary lymph nodes were fixed in 5% formaldehyde solu-
tion (pH 7.2, buffered with NaH2PO4 and NaOH). Then frozen and paraffin-embedded sec-
tions were made, which were stained with haematoxylin and eosin (for general examination), 
as well as with periodic acid-Schiff (PAS) reaction (for selective detection of Prototheca 
cells). 
 
6.2.3. RESULTS 
 
6.2.3.1. Microbiology 
 
During the 2-year study period , 223 P. zopfii infected cows were identified in 32 herds. They 
accounted for 1.6 % of the total 14.000 mastitic milk samples. Following years algae were 
isolated from several cows of more than 50 dairy herds, and a slight increase was noticed in 
the rate of P. zopfii positive milk samples. In 1999 and in the first 8 months of 2001, the num-
bers of examined mastitic milksamples were 7125, and 6006, respectively. From these sam-
ples pathogens were detected in 4202 and 3229 cases, respectively. From 2% and 4.5% of 
these bacteriologically positive samples P. zopfii was isolated as a pathogen in 1999 and 
2001, respectively. (The year 2000 was not evaluable due to the reorganization of routine di-
agnostic work.) 
The isolates grew poorly on blood agar. Intensive growth was seen on Sabouraud’s agar. Af-
ter 2-day incubation, the colonies were white, flattened, slightly protruding, approx. 2–3 mm 
in diameter, had irregular margins and a characteristically rough surface (Fig. 14). 3 strains 
produced hemispherical colonies with a less coarse surface (Fig. 16). In wet smears sporangia 
representing different segmenting stages (Fig.15 and Fig. 17) were 15–25 µm in diameter. 
Cell wall remnants of ruptured and emptied sporangia were easily visible after PAS staining 
(Fig. 18). These strains intensively assimilated glucose and glycerol, did not utilize sucrose, 
trehalose and, with the exception of three strains, galactose. The strains grew but did not pro-
duce a capsule at 37 °C. According to Pore (1985) and Blaschke-Hellmessen et al. (1985), 
strains tolerating pH 2.1 and NaCl concentration of 6.0% (all the isolates but three) and pro-
ducing mostly ovally shaped cells can be classified as type II of P. zopfii (Fig. 15.). The fur-
ther 3 strains with different colony-morphology assimilated glycerol and galactose with mod-
erate intensity, had lower salt and pH tolerance (pH 4.0, NaCl concentration: 4.0%), and its 
cells were spherical. On the basis of these properties those strains were classified as P. zopfii 
type III (Fig. 17). 





 87 

 

 
Fig. 14. Colonies of Prototheca zopfii type II grown on  Saboraud-dextrose agar  

for 72 hours at 37 C, ×10 

  
Fig. 15. Sporangia and endospores of Prototheca zopfii type II, 48 hours culture,  

native, wet prep., ×400 
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Fig. 16. Colonies of Prototheca zopfii type III grown on  Saboraud-dextrose agar  

for 72 hours at 37 C, ×10 
 

 
Fig. 17.Sporangia and endospores of Prototheca zopfii type III, 48 hours culture, 

native, wet prep., ×400 
 

1mm  
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6.2.3.2. Observations in cows involved in the farm survey 
 

At the beginning of the farm survey, 36 cows were found to excrete P. zopfii from a total of 
62 quarters. Mixed infection of algae and bacteria (S. aureus or Strep. uberis) were detected 
only in 2 cases. The other quarters that were negative for P. zopfii (n = 37) were either posi-
tive for S. aureus and non agalactiae streptococci (n=18) or were negative for microorgan-
isms (n=19). No results of microbiological investigations were available before our study. 
These 36 P. zopfii-infected cows were re-sampled regularly. From the overwhelming majority 
(n = 34), algae could be isolated continuously during the several months long sampling pe-
riod. In the Herd 3 seven cows regularly excreted the pathogen over a 18-month period and 
the algae survived in the udders also in the pre-calving dry period. After calving, the algae 
were isolated also from the previously uninfected udder quarters, and in several cases finally 
all four quarters of the cows became infected with P. zopfii. The highest prevalence of this 
infection was found in Herd 3, where 40 alga-excreting cows were identified. During the 
study period, more than 10% in this herd was continuously infected. In Herd 3  P. zopfii was 
also cultured from the bulk milk with 2000 colony forming units (CFU) per ml. No my-
coplasma was isolated. The faecal samples (from Herds 2 and 3), but none of the feed sam-
ples yielded P. zopfii on culture. 
 
6.2.3.3. Clinical symptoms and pathology 
 
All infected cows (n=36) produced milk with an elevated SCC, which was usually higher than 
1 million per ml; however, individual bulk milk values of 6–9 million/ml also occurred. The 
milk production was very low, only 8–16 (maximum 20) litres. 
Systemic clinical symptoms were never seen. 12 of he 62 udder quarters showed slight swell-
ing of the glandular substance that was not or hardly painful on palpation. In chronic cases 
(n=13) induration and atrophy of the udder quarter were observed. Twelve affected quarters 
produced milk with a changed gross appearance (barely noticeable decrease in density, pres-
ence of small casein clumps or fibrin floccules).  
The infected udder quarters of the three cows in which the udder was subjected to gross 
pathological examination were more compact to the touch than the healthy quarters. The cut 
surface of the glandular parenchyma was yellowish or rose-red and showed a finely 
protruding pattern corresponding to the lobules. The milk flowing out onto the cut surface 
contained a varying number of flakes. The supramammary lymph nodes were enlarged and 
had a succulent cut surface. Light microscopic histopathological examination showed lesions 
of different age in the samples taken from the glandular substance of the udder tissue, even 
within a given udder quarter. In acute cases, the interalveolar connective tissue was widened 
and infiltrated by lymphocytes, histiocytes and in some foci predominantly by eosinophilic 
granulocytes. The epithelial cells lining the alveoli appeared to be morphologically intact. The 
secretion residue seen in the lumen of some alveoli contained neutrophilic granulocytes, many 
mononuclear cells and P. zopfii cells (Fig. 19). A large number of PAS-positive alga cells 
occurred in the interstitium and sometimes such cells were seen also in the glandular 
epithelial layer (Fig. 20). Another characteristic finding was that, parallel with the ageing of 
lesions, in some glandular lobules the infiltration of the interalveolar interstitium was less 
pronounced, the secretory epithelial cells of the glandula acini were flattened, and the lumen 
had dilated and assumed an irregular shape (Fig. 21). In some udder quarters circumscribed 
necrotic foci surrounded by fibroblast proliferation were seen in the area of interstitial 
inflammation (Fig. 22). Occasionally the interlobular and interalveolar connective tissue was 
markedly widened and only sparsely contained inflammatory cells. Atrophy of the alveoli 
lined by flattened epithelial cells was observed in the lobules pushed apart by connective tis-
sue (Fig. 23).  In the supramammary lymph nodes, acute serous lymphadenitis was seen with 
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marked eosinophilic infiltration in certain foci. The follicles showed signs of expressed 
hyperplasia. 
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Fig. 18. Cell walls of ruptured sporangia 

Periodic acid–Schiff (PAS) reaction, × 400 

 
Fig. 19. Acute, productive interstitial inflammation: lympho-histiocytic infiltration with eosi-

nophil cells. Alveoli lined by intact epithelium.Prototheca cells in the lumen (arrows). H.-E. 
stain, ×400 

20µµµµm  





 95 

 
Fig. 20. Prototheca (arrows) in the alveolar epithelial layer and in interstitial 

spaces. PAS-reaction, (modified colors by computer), ×400 

 
Fig. 21. In certain lobuli there are signs of interalveolar inflammation and distended alveoli 

lined by a single layer of  flattened epithelial cells. H.-E.stain, ×160 

100µµµµm  
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Fig. 22. Necrotic area surrounded by fibroblasts 

H.-E.stain, ×400 

 
Fig. 23. Alveoli atrophised due to connective tissue proliferation H.-E.stain, ×90 

200µµµµm  
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6.2.3.4. Epidemiology  
 
On the basis of their SCC curves over the 18-month study period, the cows found infected in 
Herd 3 (n = 40) were classified into three groups.  
The cows in Group 1  (n = 21) produced milk with a high SCC (1–4 million per ml) through-
out the whole monitoring period, already at the start of the study. No conclusions on the time 
and/or source of infection could be made in these cases. 
The cows in Group 2 (n = 9) were in different stages of lactation, and the milk of these cows 
was characterized by an abrupt rise in the milk SCC in the summer of 1998. (Fig.24) 
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 Fig. 24. SCC of cows infected on the summer (n=9); (arrow: 400.000/ml) 
 
The cows in Group 3 (n = 10) had healthy udders (SCC <400,000 per ml) in their previous 
lactation. They became infected and the SCC of their milk started to increase immediately 
after their last calving. Their algal mastitis started to occur independently of seasonal and 
weather conditions. (Fig. 25) 
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 Fig. 25. SCC of cows infected around calving (n=10); (arrow: 400.000/ml) 
 
On these farms, the housing and hygienic conditions and the standard of farm management 
were below the Hungarian standard (contamination of the milking cups and resting area, ani-
mals lying down too early after milking, inexpert intramammary drug administration). When 
clinical symptoms of mastitis were seen (especially in relapsed cases) several intramammary 
preparations containing amoxicillin, clavulanic acid, cloxacillin, or the combination of novo-
biocin, neomycin, penicillin-G, streptomycin and prednisolone were administered. Spontane-
ous recovery was detected only in three cases soon after first infection. Uncured cows were 
culled depending on their milk production.  
 
6.2.4. DISCUSSION 
 
These observed cases of algal mastitis were almost always chronic. The most cases occurred 
in routine diagnostic work were sporadically. The most typical indication for infection was 
the prolonged SCC elevation. Both the clinical appearance and pathological changes were 
consistent with those reported earlier, and were typical for P. zopfii mastitis (Frank et al., 
1969; McDonald et al., 1984b; Schönborn and Seffner, 1977). Almost  all of the isolated P. 

zopfii strains belonged to type II, whivh is a recognised causative microbial agent of mastitis 
(Schuster and Blaschke-Helmessen, 1983; Wilhelm et al., 1992). Three other strains, how-
ever, represented the type III of P. zopfii. This type has not yet been reported as a mastitis 
pathogen. 
The source of infection could not be determined. Since P. zopfii cannot persistently colonize 
the digestive tract (Pore and Shahan, 1988), the positive faecal samples may suggest the pres-
ence of an “active” source of infectious material, such as feed (Baumgartner, 1997). However, 
we were unable to isolate algae from any of the stored feed. The detection of algae in the fae-
ces and the observed tendency of new infections in group 2 of the epidemiological study sup-
port the idea that P. zopfii is mainly an environmental mastitis pathogen. These cows must 
have become infected by heavy exposure to algae that propagated excessively in the animals’ 
environment in the warm weather, first of all in the wet bedding material contaminated with 
faeces (Baumgärtner, 1997; Costa et al., 1998). Under continental type, temperate zone cli-
matic conditions, the main season for new infections is the summer. The after calving accu-
mulation of new infections in the animals of group 3 suggested that cows might be more sus-
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ceptible to P. zopfii infection at the start of lactation. Newly lactating cows may have a tem-
porary impairment of intramammary antimicrobial defence mechanisms which predisposes 
them to environmental mastitis pathogens including P. zopfii. The consequences of severe 
energy imbalance are known factors predisposing the affected individual to clinical mastitis 
(Suriyasathaporn, 2000), but in the current field study the metabolic status of the cows were 
not investigated. 
Some elements of the technology used on the farms were studied in an attempt to find factors 
predisposing for a P. zopfii infection. Numerous hygienic problems were observed. However, 
none of them could explain why P. zopfii became the predominant mastitis pathogen under 
these farm conditions (Herd 3) instead of bacteria that are known to be environmental patho-
gens. In Herd 3 P. zopfii mastitis caused enormous financial losses because of the large num-
ber of animals infected. 
 
6.2.5. CONCLUSIONS 
 
Based on the results of the farm study and the routine diagnostic work it can be concluded, 
that P. zopfii is a common mastitis pathogen in Hungary. Sporadic algal mastitis cases occur 
countrywide in large-scale dairy herds. On farms, where there are poor hygienic conditions 
and faulty management system even endemic forms of P. zopfii mastitis may occur. In most 
cases, P. zopfii infection may lead to mild, but chronic inflammatory process in the udder, 
resulting in fibrosis and alveolar atrophy with dramatic loss of milk production and permanent 
increase in SCC. 

From most algal mastitis cases type II of P. zopfii was isolated, but from 3 cases type III 
was detected, which has not been reported as mastitis pathogen previously. 



 102 

7. OVERVIEW OF THE NEW SCIENTIFIC RESULTS 
 

1.) We found a significant mastitis-predictive value of the elevated BHB level postpartum, but 
not to any other of NEB related changes in circulating levels of hormones and metabolites. 
This predictive value was highly significant for GN microbes. Based on these findings we 
suppose that hyperketonaemia, rather than NEB by itself can predispose cows for mastitis in 
the early weeks of lactation. The data of cows with S. aureus IMI were very close to their 
healthy herdmates. 
 
2.) We found elevated BHB levels in cows with NDP+GN mastitis within some hours after 
the outbreak of clinical symptoms. This BHB dependent character of NDP+GN mastitis was 
obvious in the first four weeks after calving. We observed a temporary NEFA increase in 
cows with NDP+GN mastitis, which might be the catabolic consequence of endotoxin in-
duced endocrine changes.  
We observed a significant decrease in plasma levels of both T4 and T3, an increase of rT3 
level, and a diminished TRH-challenged T4 and T3 response in NDP+GN mastitis. These mas-
titis related changes were dramatic in the few cows died of mastitis soon after sampling. This 
observations reveal that the mastitis related endotoxin loading in cows may decrease the 5’D-
dependent activation of T4 to T3 and increase the capacity of its 5D-catalyzed inactivation to 
rT3. 
 
3.) We observed a temporary elevation in plasma insulin level in the first 2-3 samples of our 
cases with NDP+GN mastitis. In complete agreement with the findings of model studies the 
IGF-I level was still almost unaffected at the time of this insulin elevation, and started to de-
crease continuously thereafter. These results confirmed that the endotoxin-induced changes of 
both GH-IGF-I axis and insulin participate in the shift of the metabolism towards catabolic 
events in ruminants including the postpartum dairy cows as well. 
 
4.) About 23 % of the examined cows were considered as temporary hypocorticoid. Neither 
the baseline level of cortisol, nor the degree of ACTH-induced cortisol response predisposed 
cows for mastitis. However,in cows with NDP+GN mastitis in the early puerperal phase the 
ACTH challenged cortisol increment inversely related to the severity of clinical symptoms. 
These experiences confirmed the importance of temporary hypocorticism and the regulatory 
role of physiological cortisol response in production and release of certain interleukins and 
TNFα in GN mastitis. 
 
5.) We found a similarly low recovery rate of bacteria after a single-dose IM treatment as seen 
in the untreated controls. After the intracisternal and 4 IM groups the bacteriological recovery 
rates were significantly (4 IM group) higher but remained below 50%. Based upon these re-
sults we did not give extra preference to the systemic application of spiramycin at drying off 
in the practice comparing to treatments with other commercially available drugs. 
 
6.) We isolated Prototheca zopfii alga from several hundreds of mastitic cows from more than 
50 dairy herds. This form of mastitis had not been reported in Hungary previously. We found 
an increasing tendency in the number of identified cases in the last years.The type III variant 
of P. zopfii isolated from 3 cows had not been reported as a mastitis pathogen. The early 
weeks of lactation and the summer wheather predisposed the cows to the new algal IMI. The 
P. zopfii infection usually resulted in a chronic subclinical, or a mild clinical, inflammatory 
process in the udder followed by a dramatic loss in milk production and permanent increase in 
somatic cell count. Prototheca zopfii is concluded as a common mastitis pathogen of dairy 
cows in Hungary 
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